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BEGIN WHOLE ANIMAL RAT EXPERIMENTS 

EXPERIMENT SET 1) Determine the appropriate route and dose of MitoQ to administer to rats.  
OVERVIEW: This experiment has two parts. FIRST, acute toxicity testing is done to establish the safe 
dose of MitoQ as given by three different parenteral delivery routes: intravenous (i.v.), intranasal (nas.), 
and intramuscular (i.m.). SECOND, once the safe dose of MitoQ for each route of delivery (i.v., nas., i.m.) 
is determined, then the levels of MitoQ accumulation in the brain, blood and lungs will be determined as 
a function of time after dosing: times 0, 0.5, 1, 2 & 4 hr post-injection. Tissues harvested postmortem 
will be analyzed using liquid chromatography-dual mass spectroscopy. OUR GOAL is to identify the best 
route and dose that elevates brain levels of MitoQ within <1 to 2 hr.  

EXPERIMENT SET 1 IS NECESSARY because to date, MitoQ has been delivered to rats by adding it to their 
drinking water for 2-8 weeks. When MitoQ was delivered in this manner, it reached steady state levels 
in the brain and other tissues after 7-10 days. Once stopping treatment, MitoQ was quickly washed out 
(half-life = 1.5 days). In mice, however, a single i.v. injection (tail vein) of MitoQ in Swiss-Webster mice 
elevated levels in brain tissue in <1 hr with >90% clearance after 24 hr. Extrapolation of dosages from 
mice to rats is challenging since mice have a higher metabolism and thus often require a higher dose of 
test substance relative to that used in rats. This issue, however, will be quickly resolved using the up-
and-down acute toxicity method in which the safe dose of substance can usually be achieved testing 6-
10 animals (Lipnik R.L. et al. (1995) Comparison of the Up-and-Down, Conventional LD50, and Fixed Dose 
Acute Toxicity. Procedures. Fd. Chem. Toxic. 33(3): 223-231; and Dixon (1991) Staircase Bioassay: The 
Up-and-Down Method. Neuroscience & Behavioral Reviews. 15: 47-50).  Up-and-Down Acute Toxicity 
Testing: based on the literature, 6-10 rats/delivery route will be needed to determine the safe vs. toxic 
dose of MitoQ. Using the highest number, we estimate that 30 rats will be needed to test 3 routes of 
delivery: [(3 routes: i.v., nas., i.m.) x (1 MitoQ) x (10 rats max. /route)] = 30 rats 

Liquid Chromatography Analyses: Once the upper limit for safe dosing with MitoQ is determined, we will 
then quantify its levels in brain tissue for each delivery route (i.v., nas. & i.m.) using liquid 
chromatography-dual mass spectroscopy. Animals will be dosed with MitoQ and then blood samples, 
lung samples, and brain regions (brain stem, hippocampi & cerebral motor cortices) harvested at 0.5, 1, 
2 & 4 hr post-injection of MitoQ to measure levels of MitoQ. A fifth group of control animals without 
MitoQ treatment will be euthanized to collect baseline levels of MitoQ (i.e., time 0 and presumably zero 
levels of MitoQ) and to assess blood redox status. Animals are anesthetized using 3-5% isoflurane and an 
arterial blood sample taken (cardiac puncture under isoflurane anesthesia) to measure the rat’s redox 
status using the redoxSYS analysis meter (40uL blood required per sample for analysis). The animal is 
then euthanized and brain tissues are dissected, weighed, snap-frozen in liquid nitrogen, and stored at -
80°C.  Based on a previous study, we plan to use six animals per group: [(6 rats/group) x (3 groups: i.v., 
nas., i.m.) x (1 substance: MitoQ) x (4 time points: 0.5, 1, 2 & 4 hr post-MitoQ injection)] + (6 rats: 
baseline group, time 0 (no MitoQ injection)) = 78 SD rats 

EXPERIMENT 2) Expose freely behaving rats to HBO2 -/+ MitoQ. OUR GOAL is to determine the effect of 
MitoQ on the latency time to onset of visible seizures. Unoperated rats (without radio-telemetry 
modules implanted) will be dosed with MitoQ, TPMP (triphenylphosphonium cation--the molecule that 
is bonded to coenzyme Q to render MitoQ highly permeable to the cell membrane and mitochondrial 
membrane) or vehicle (soybean oil) using the protocol that provides the highest level of MitoQ in brain 
tissues without toxicity (determined in Experiment 1). In parallel with MitoQ/vehicle dosing, each rat is 
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adapted daily to the hyperbaric chamber, 1 hr/day x 7 days, before being dived on HBO2. After 
treatment with MitoQ, a single rat is placed in the animal chamber that is housed inside the hyperbaric 
chamber. The animal chamber is ventilated with 1 atmosphere absolute (ATA) air for at least 30 min 
before switching to 1 ATA O2 for another 15 min (note: 1ATA pressure = sea level = room pressure). The 
animal is then dived (~1 atmosphere gauge pressure, ATG/min) to 5 ATA O2. The animal is held at 
maximum depth until onset of first and second bouts of visible tonic-clonic seizures, which are 
separated by an interictal period that can range for tens of seconds to tens of minutes. The maximum 
time exposed to HBO is 2 hours; if seizures have not occurred then the HBO exposure is terminated. 
Thus, the maximum total time inside the chamber is 2h, 45min. Each animal has access to 5-6 pieces of 
food kibble lying on the floor of the animal chamber and a Hydrogel packet for drinking. The intensity of 
each bout of visible seizures is scored using our six-stage scale for CNS-OT seizures. Following the second 
bout of seizures, the animal is changed over to air and decompressed back to sea level (~1 ATG/min). 
Blood samples will be taken immediately following the dive (cardiac puncture under anesthesia) to 
measure the animal’s redox status using the redoxSYS analysis meter (40uL/sample). Based on our past 
studies, we plan to use 10 rats/group: [(10 rats/group) x (3 treatments: MitoQ, TPMP & vehicle) = 30 SD 
rats. 

EXPERIMENT 3) OUR GOAL is to determine so called "ox tox trigger zones" where seizures originate 
during exposure to HBO and then determine the effects of mitochondria-targeted antioxidant therapy 
on this neural activity using MitoQ. Two to 4 intracerebral recording microelectrodes (tungsten; FHC, 
Inc.) are implanted using the stereotaxic frame/manipulator into motor cortex and deep subcortical 
nuclei that are implicated in seizure genesis (e.g., brain stem cardiorespiratory nuclei, cranial nerve 
nuclei, or medullary reticular formation) and seizure amplification/propagation nuclei (e.g., CA1 
hippocampus, thalamus, or hypothalamus).  Up to four recording electrodes can be implanted in the 
brain in the rat during sterile recovery surgery. Recording and reference electrodes are secured to the 
skull using dental adhesive. The telemetry module (4ET, Data Sciences International, DSI Inc.) is 
implanted in the abdomen and the four pairs of biopotential leads are tunneled under the skin, exposed 
at skull, and attached to the recording microelectrodes and epidural reference electrodes (Weiergräber 
et al. 2005 Electrocorticographic and deep intracerebral EEG recording in mice using a telemetry system. 
Brain Res 14(3):154-64; and Papazoglou et al. 2016 Non-restraining EEG Radiotelemetry: Epidural and 
Deep Intracerebral Stereotaxic EEG Electrode Placement. J Vis Exp. (112): 54216, 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4993274/bin/jove-112-54216.mp4). 

        After recovery from surgery (at least 1 wk), each animal is dosed with either MitoQ, TPMP, or 
vehicle and dived to 5 ATA O2 (HBO) until onset of 1st and 2nd bouts of seizures as in EXPERIMENT 2. 
After the first dive and bout of seizures, at least one week later, the animal is treated with one of the 
other two substances and dived again until onset of 1st & 2nd bouts of seizures. The order of treatments 
is randomized across two dives in animals; however, each rat is treated with only two substances and 
only dived twice, thus there are three test groups: MitoQ & TPMP, MitoQ & Vehicle, and TPMP & 
Vehicle. Each electrode records field potentials; i.e., neural activity from many neurons and synapses 
concurrently as their summed electrical activities. Recordings made in the brain stem (medulla 
oblongata, pons or midbrain) will be called an “electrobulbogram (EBG)”; in the thalamus or basal 
ganglia (caudate, putamen, globus pallidus & substantia nigra) will be called a deep 
“electroencephalogram (dEEG)”; and in the motor cortices it will be called an “electrocorticogram 
(ECoG)”. All experiments are done in unrestrained, freely behaving animals. The length of time spent in 
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the animal chamber inside the hyperbaric chamber is no longer than 2h, 45min. Each animal has access 
to 5-6 pieces of food kibble lying on the bottom of the chamber and hydrogel. A PILOT STUDY will be 
done initially to develop the deep intracerebral microelectrode recording capability, which we estimate 
will require up to 10 animals. The actual study will use 10 rats/group: [(10 rats/group) x (3 groups: 
MitoQ/TPMP, MitoQ/vehicle, TPMP/vehicle) x 1.15 c.f.] + (10 rats for pilot study) = 45 rats.   

END OF WHOLE ANIMAL RAT EXPERIMENTS 

BEGIN RAT BRAIN SLICE EXPERIMENTS 

EXPERIMENT 4) Determine the effects of MitoQ during exposure to hyperoxia on the rate of production 
of reactive oxygen and nitrogen species and mitochondrial membrane potential in brain stem neurons in 
tissue slices. Brain slices are harvested from rats ranging in age from postnatal day 1 through 21 (P1-
P21), weanlings, and young juveniles to young adults. For brain slice experiments to measure reactive 
species and mitochondrial membrane potential we estimate the following numbers of rats:  
Assumptions and power analyses used to determine the number of cells needed and animals needed for 
fluorescence imaging are explained below in Section 9. To measure reactive species: [(40 
cells/treatment) x (6 rats/40 cells) x (2 dyes) x (3 aCSF test media) x (1 CNS nucleus) x (1.11)] = 40 rats; 
and to measure mitochondrial membrane potential: [(40 cells/treatment) x (6 rats/40 cells) x (1 dye) x (3 
aCSF test media) x (1 CNS nucleus) x (1.11)] = 20 rats 

EXPERIMENT 5) Determine the effects of MitoQ on cellular O2-sensitivity using electrophysiology in rat 
brain slices. Brain slices are harvested from rats as in experiment 4. Estimated numbers of animals 
required are calculated as follows: [(10 slices/treatment) x (1 rat/cell) x (2 treatments: hyperoxia, MitoQ) 
x (1.4 c.f. x 2.2 c.f.) x (1 CNS nucleus)] = 62 rats 

In Section 9, we explain allowances for rat pups born but not used in experiments (13 rats, neonates & 
weaned rats born but not used in this research (too old for certain experiments)) and the damns 
required for pups (12 rats, timed-pregnant or nursing dams). In all, 135 rat pups need to be born to yield 
40 + 20 + 62 = 122 rat pups for experiments. 

END OF RAT BRAIN SLICE EXPERIMENTS 

 

BEGIN AQUAPORIN-4 (AQP4) MOUSE EXPERIMENTS (no MitoQ or TPMP will be used in these 
experiments, only HBO) 

AQP4-KO and WT control mice will be shipped to USF Tampa from Case Western Reserve University, 
Cleveland, Ohio, Dept. of Physiology and Biophysics. Mice will initially be held in quarantine for 28 days 
in the COM vivarium before they are used in any experiments. CWRU will have a subcontract with USF 
on the USF Grant from ONR. At present, no MOU or MTA has been established. 

EXPERIMENT 6) Effects of HBO on the risk for developing HBO-induced seizures in AQP4-KO vs. WT mice.  
After quarantine and acclimation to their new holding room, and being housed inside the animal & dive 
chambers, members of the Dean Lab will subject individual WT vs. AQP4-KO mice to HBO as in 
Experiment 2, above (rat chow & hydrogel are provided as in Expt. 2). Likewise, as in Experiment 2, no 
radio-telemetry is used. Visible seizures are scored using the behavior criteria. Each mouse will be dived 
four times to the point of 1st and 2nd bouts of visible seizures, one dive/week, over a 21-day period; 
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e.g., 1st Monday (day 1), 2nd Monday (day 7), 3rd Monday (day 14), 4th Monday (day 21). Mice are 
returned to the COM vivarium between dives. THE RATIONALE FOR MULTIPLE DIVES AND SEIZURES is to 
induce kindling in mice and determine the effect of AQP4 on kindling. The number of mice required for 
this experiments is: (10 mice/group) x (2 groups: AQP4-KO & WT) = 20 mice total (10 AQP4-KO and 10 
WT) 

EXPERIMENT 7) Effects of HBO -/+ CO2 retention on the risk for developing HBO-induced seizures in 
AQP4-KO vs. WT mice. As in Experiment 6 only now each mouse is dived twice, at least 1 wk apart, to 
the point of 1st and 2nd bouts of seizures (rat chow & hydrogel are provided as in Expt. 2). The order of 
HBO without CO2 and HBO with CO2 will be randomized between mice. Mice are returned to the COM 
vivarium between dives. The number of mice required for this experiments is: (10 mice/group) x (2 
groups: AQP4-KO & WT) = 20 mice total (10 AQP4-KO and 10 WT) 

EXPERIMENT 8) Effects of hyperbaric oxidative preconditioning on AQP4 expression and the risk for 
developing HBO-induced seizures in WT mice. Prior to being dived to 5 ATA HBO, each mouse is 
pretreated (preconditioned) with a sublethal level of HBO (non-seizure promoting: 2.5 ATA HBO x 90-
min) four times, interspersed by a 4.5 h room air breathing break, over a 24h period. Two mice are 
preconditioned at a time with access to food and hydrogel. All animal exposures are done in a Sechrist 
Animal Research Chamber (Model 1300B, MWP = 35 psig). The pressure chamber is ventilated 
continuously with air supplied from a compressed cylinder during the 4.5 h interval between 90-min 
exposures to 2.5 ATA HBO.  

THE RATIONALE FOR HBO PRECONDITIONING DURING 24 HOUR PRIOR TO DIVING IS TO UPREGULATE 
AQP4 EXPRESSION IN THE BRAIN. After the 4th 90-min exposure to 2.5 ATA HBO, the mouse is kept on 1 
ATA air for 4.5 h inside the preconditioning chamber. After that, the mouse is transferred to dive 
chamber (in the same room) and held on 1 ATA air (15min); Hydrogel and food pellets are placed on the 
floor of the animal chamber. Next, the ventilating gas is changed to 1 ATA O2 (15min) at which time the 
mouse is dived to 5 ATA HBO until the onset of 1st and 2nd bouts of seizures. After the 2nd bout of 
seizures, the mouse is decompressed to room pressure on air and anesthetized using isoflurane. The 
mouse remains on HBO up to 2 h or until onset of 2nd bout of seizures, whichever comes first. The total 
time spent inside the dive chamber is 2.5 h. A cardiac puncture is taken to measure the redox status of 
the animal using the redoxSYS analyzer (40uL blood/sample) and the perfused transcardially with buffer 
followed by paraformaldehyde fixative for immunohistochemical analyses of AQP4 expression in the 
brain. Three groups of WT mice will be studied; 1) mice preconditioned using 2.5 ATA HBO; control WT 
mice preconditioned with normoxic hyperbaric pressure (14% O2 + balance Helium = 0.21 ATA O2 + 0.79 
ATA He), and another group of control WT mice maintained in the preconditioning chamber for 24h with 
ventilation using 1 ATA air.  For example, the experimental protocol would be to initiate preconditioning 
at 1) 8am-9:30am, 2) 2pm-3:30pm, 3) 8pm-9:30pm, 4) 2am-3:30am, and then dive in HBO at 8am on 
next day. A member of the lab team will remain in the lab with the animal during the entire 24 h 
preconditioning period. The number of mice needed for this experiment is: (3 groups of preconditioned 
WT mice: HBO, normoxic hyperbaric pressure, and 1 ATA air) x (10 mice/group) = 30 WT mice 
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• Column E: List the number of animals that will experience more than momentary or slight pain or distress 
that WILL NOT be alleviated or relieved with anesthetics or analgesics.  If any animals are listed in 
USDA Column E (Unalleviated Pain or Distress), the PI must provide a scientifically valid 
justification for withholding pain relieving medication:.  . 

 
 
3.  Literature Search for Unnecessary Duplication:  This search is required for all animal use 
proposals.  Note the DoD-specific database requirements in subparagraph a. 
 
 a. Literature Source(s) Searched:   

http://www.ntis.gov/products/fedrip.aspxhttp://projectreporter.nih.gov/reporter.cfm  
Federal Research in Progress (FEDRIP)  http://www.ntis.gov/products/fedrip.aspx 
  

or 
 
Research Portfolio Online Reporting Tool Expenditures and Results (RePORTER) 
http://projectreporter.nih.gov/reporter.cfm 

 
 
 b. Date of Search:  February 19,2022 
 
 c. Years Covered By Search:  1985 - 2022 
 
 d. Key Words and/or Search Strategy:  Decompression sickness (DCS) and animal model. 
Decompression and bubbles, Decompression and microparticles (MPs), Decompression and 
glymphatics, Glymphatics and pressure, Glymphatics and microparticles 
 
 e. Results of Search:  To our knowledge, there are no other groups performing similar research as 
we are planning. Our database search resulted in 103 hits; 89 were not duplicative as they were not 
pertinent to inflammatory changes or microparticle processes and none were investigating glymphatic 
function. Among 14 hits pertaining to glymphatic function none related to high pressure or 
decompression stresses. 
 
****Questions 4-10 refer to the Research Site and Protocol Principal Investigator.**** 
Information and/or documents required in questions 4-8 should be obtained from the research site’s 
IACUC or veterinary staff.  Documents may be provided directly to BUMED by the Protocol Principal 
Investigator (PI) or institution staffs.  If the Protocol PI prefers that BUMED staff contact the institution to 
obtain this information and/or documents, the PI must specifically request this action in writing.  The 
Protocol PI should contact BUMED (see contact information on cover page) to arrange for submission 
of this written request. 
 
4.  Institutional Animal Care and Use Committee(s) (IACUC) Approval(s):   
 
Institutional Animal Use Protocol Number:  0222008 
 
IACUC (initial) approval 
date: 

March 11, 2022 Protocol expiration 
(rewrite) date: 

February 18, 2025 

 
5.  Veterinary Care:  Provide a brief description of the veterinary care plan at the research site.  
Describe routine care; weekend, holiday, and emergency care; and identify whether the attending 
veterinarian is on staff full-time or by contract. 
 

Animals are housed and veterinary care provided at the University vivarium. Mice are kept in 
small cages, typically 4 -8 per cage depending on size/age in temperature- and light/dark-cycle 

X 

X 
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controlled rooms. Technicians provide daily monitoring (including weekends and holidays) for 
food and water ad libitum with full-time veterinarians on staff who are present during normal 
working hours and on-call for weekends and holidays to provide any emergency care.  

 
6. Institutional Accreditation / Assurances:   
 
 a. Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC) 
Accreditation (do NOT provide AAALAC correspondence):   

 

X 
 
Yes 

 

 
 
No 

 
Animal work is being performed at an AAALAC International-accredited facility. 

 
 
 b. Public Health Service Animal Welfare Assurance Statement:  

 

X 
 
Yes 

 

 
 
No 

 
Animal work is being performed at a PHS-assured facility. 

 
 
 c. Non-accredited, Unassured Facilities:  If neither 6.a. nor 6.b. above apply to the facility where 
animal work is being performed, submit a statement signed by the Institutional Official that states the 
care and use of animals will be conducted in accordance with the National Research Council’s Guide 
for the Care and Use of Laboratory Animals and applicable Federal and DoD regulations. 
 
7. Animal Procurement: 
 

 

X 
 
Yes 

 

 
 
No 

If the protocol involves Animal Welfare Act-regulated species, are the animals 
obtained legally from suppliers licensed by the USDA?  If the supplier claims 
exemption from USDA licensing, provide confirmation from the research site’s 
IACUC that the exemption criteria have been met.  If work is conducted outside the 
US, have animals been obtained legally in accordance with national policy?  If 
wildlife are used, provide IACUC assurance that animals have been obtained 
legally and provide copies of applicable state, federal and/or international capture 
and use permits. 
 
 

 
8.  Overseas / Foreign Country Animal Work:   

 

 
 
Yes 

 

X 
 
No 

 
Animal work will be performed outside the United States. 

 
If “Yes,” answer the following questions.  
 

a. What is the law or regulation governing the use of animals in research in the research site’s 
host country?  Please provide a copy or link to this law or regulation in English. 
 

b. Does the research site’s host country adhere to European Union (EU) Directive 86/609 or 
EU Directive 2010/63 standards of animal housing and care? 
 

c. If the research site is in Canada, does the institution hold a Canadian Council on Animal 
Care (CCAC) certificate? 
 

d. Does the research site adhere to any national or international standards of animal housing 
and care that are more stringent than the host country’s laws or regulations (such as 
AAALAC or CCAC)?  If so, please describe below or provide a document, in English, that 
describes these standards. 
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e. Does the research site’s host country or local institute require a local ethical committee 

review or Animal Care and Use Committee review?  If so, please describe below or provide 
a document, in English, describing the committee’s membership, purpose, authority and 
function. 

 
9.  Site Visits 
 
 Yes X No Does animal work involve at least one of the following species:  dogs, cats, 

nonhuman primates, marine mammals?  If yes, provide a planned start date 
for work in these species and point of contact for site visit coordination.  
Based on accreditation status, species used, and type of research 
conducted, a site visit to the performance site may be required. 
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10.  Protocol Principal Investigator Assurances:   
 
The law specifically requires several written assurances from the P.I.  Please read and sign the 
assurances as indicated (this page may be photocopied and signed). 
 
 As the Principal Investigator on this protocol, I acknowledge my responsibilities and provide 
assurances for the following: 
 
 A.  Painful Procedures:  I assure that discomfort and injury to animals will be limited to that which is 
unavoidable in the conduct of scientifically valuable research and that analgesic, anesthetic, and/or 
tranquilizing drugs will be used where indicated and appropriate to minimize pain and/or distress to 
animals. 
 
 B.  Animal Use:  The animals authorized for use in this protocol will be used only in the activities 
and in the manner described herein, unless a modification is specifically approved by the IACUC and 
the DoD Department of the Navy Bureau of Medicine and Surgery (BUMED) Veterinary Affairs Office 
prior to its implementation. 
 
 C.  Duplication of Effort:  I have made a reasonable, good faith effort to ensure that this protocol is 
not an unnecessary duplication of previous experiments. 
 
 D.  Statistical Assurance:  I assure that I have consulted with a qualified individual who evaluated 
the experimental design with respect to the statistical analysis, and that the minimum number of 
animals needed for scientific validity will be used. 
 
 E.  Training:  I verify that the personnel performing the animal procedures/manipulations/ 
observations described in this protocol are technically competent and have been properly trained to 
ensure that no unnecessary pain or distress will be caused to the animals as a result of the 
procedures/manipulations. 
 
 F.  Responsibility:  I acknowledge the inherent moral, ethical and administrative obligations 
associated with the performance of this animal use protocol, and I assure that all individuals associated 
with this project will demonstrate a concern for the health, comfort, welfare, and well-being of the 
research animals.  Additionally, I pledge to implement animal use alternatives where feasible, and 
conduct humane and lawful research. 
 
 G.  Scientific Review:  This proposed animal use protocol has received appropriate peer scientific 
review, and is consistent with good scientific research practice. 

Stephen R. Thom 

  

 February 19, 2022 
(Protocol Principal Investigator Printed Name)  (Protocol Principal Investigator Signature and Date) 
 
NOTE:  In accordance with SECNAVINST 3900.38C, the DON BUMED Veterinary Affairs Officer (or 
designee thereof) will conduct a site visit to all sites using nonhuman primates, dogs, cats or marine 
mammals in the proposal, or where a site visit is deemed warranted. 
 

(b) (6)



 

New Animal Use Protocol (AUP) 
Submission Checklist 

 
***This checklist has been prepared to assist PIs with a new AUP submission.  Please check off each relevant 
item applicable to this protocol.  The protocol will not be accepted without this form.  Additionally, incomplete 
protocols will be returned.*** 
 
  ☒ Animal Use Protocol (AUP) Form (Version Date: 02/2021) 
 
  ☒ All Species (x NHP) Enrichment / Socialization Form (Version Date: 02/2021) 
 
  ☐ Non-Human Primate (NHP) Enrichment / Socialization Addendum (Version Date: 02/2021) 
 
  ☒ Electronic copy of funded grant(s) supporting this work (Emailed to IACUC on: Click here to enter a date. ) 
 
  ☒ Rodent Breeding Addendum (Version Date: 10/2021) 
 
  ☐ Hazardous Agent Addendums – Pathogenic Organisms, Radioactive Materials & Other (Version Date: 09/2020) 
 
  ☐ Hazardous Agent Addendums – Chemical Level 1 or Chemical Level 2 (Version Date: 09/2020) 
 
  ☐ PI-Managed Satellite Housing Facility Addendum (Version Date: 02/2021) 
 
  ☐ IBC Approval Letter or IBC application status:       
  
  ☐ RSC Approval Letter or RSC application status:       
 
  ☐ ESCRO Approval Letter or ESCRO application status:       
 
  ☐ UMMC Administration Approval Letter or UMMC review status:       
 
  ☒ Survival Surgery Consult *ALL SPECIES* 
  Date of Consult (within last 3 months): Feb 2, 2022 
  Veterinarian Consulted:   
 
  ☐ Non-survival Surgery Consult *USDA regulated species only* 
  Date of Consult (within last 3 months):       
  Veterinarian Consulted:        
 
  ☐ BVAMC Attending Veterinarian Consult 
  Date of Consult (within last 3 months):       
  Veterinarian Consulted:        
 
  ☐  BVAMC SRS Approval or RPSS application status:       

***NOTE:  A new RPSS must be submitted with each new IACUC protocol submission.***  
 
I certify that all required components of a new AUP submission (as applicable) are attached and complete.  
 
SRT 
PI or PI Designee Name (printed) 
 
 
OAWA Internal Use: 
 
____    All Relevant Items Attached    IACUC # _________________   
____    Current versions utilized               
____    Adherence to AUP format    OAWA Staff Initials: _____________ 
AUP Date Rec’d:  _______________                Date:  ____________  

(b) (6)
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   Decompression sickness and alternative  0  
   Decompression sickness and glymphatics  0  
   Lymphatic ligation and glymphatics  14  6 
   Lymphatic ligation and alternatives  0  
RePORTER  02/19/22  1985-2022  Decompression sickness and animal model  43  6 
   Decompression sickness and alternative  0  
   Decompression sickness and glymphatics  0  
   Lymphatic ligation and glymphatics  12  4 
   Lymphatic ligation and alternatives  0  

Database Resources:  UMB HS-HSL Databases and AWIC 
 

5. Did the literature search reveal less painful or distressful alternatives to the potentially painful or distressful 
procedures that are proposed? 

☒ No alternatives, refinements, replacements or reduction methods were found.  
☐ Yes, but they cannot replace the procedures that are proposed.   See below explanation.    

 
a. If yes, identify the painful or distressful procedures(s) and provide a BRIEF explanation why the alternatives 

found to this potentially painful or distressful procedure(s) were not acceptable alternatives. 
 

Click here to enter text. 
 
6. List other sources of information used to refine this protocol, as applicable.  
 

Click here to enter text. 
 

 
PRINCIPAL INVESTIGATOR’S ACKNOWLEDGEMENT OF RESPONSBILITY 
 
I acknowledge and accept the responsibilities associated with serving as the principal investigator of an IACUC protocol 
as delineated in the OAWA Principal Investigator Manual.   
 
I will conduct the project in accordance with the PHS Policy on Humane Care and Use of Laboratory Animals, USDA 
regulations (9 CFR parts 1, 2, 3), the Federal Animal Welfare Act (7 USC 2131 et. Seq.), and the Guide for the Care and 
Use of Laboratory Animals. 
 
I authorize individuals listed on this application to conduct procedures involving animals and I accept responsibility for 
their oversight in the conduct of this proposal. 
 
I confirm that all individuals working with animals have completed the IACUC required training and are participating in 
an appropriate Occupational Health & Safety program.   Further, I certify that those individuals are properly trained, or 
will receive such training prior to working with animals, in all areas relevant to their assigned work with animals (e.g., 
biology, handling, and care of the species used; aseptic surgical methods and techniques; the concept, availability, and use 
of research or testing methods that limit the use of animals or minimize distress; the proper use of anesthetics & 
analgesics; and procedures for reporting animal welfare concerns).  
 
For animals under this proposal, I understand that in cases of necessary medical treatment, Vet Resources veterinarians 
are authorized to provide any treatment required to sustain life; or if necessary, provide humane euthanasia to prevent 
unapproved distress and/or pain.  I recognize that the veterinary staff will contact me as soon as possible using the 
emergency contact information that I provide in this application, but I understand that such contact may not always be 
possible prior to providing treatment or performing euthanasia.   
 
I will notify the IACUC of unanticipated outcomes of animals use, including protocol or non-protocol disease or injury.   
Unanticipated outcomes are generally defined as negative impacts to animal welfare or well-being. 
 
I recognize that veterinary consultation must occur when pain or distress is beyond the level IACUC approved in this 
protocol, or when my staff are unable to provide interventional control (i.e., euthanasia, immediate removal from the 
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study).    I will notify VR veterinary staff when unanticipated pain or distress, unexpected morbidity, or unanticipated 
mortality occurs.    
 
I will obtain approval from the IACUC before initiating any change in the study design or procedures by submitting an 
amendment request.  I understand that work performed without IACUC approval cannot be published with certification of 
IACUC approval and may result in federally required reporting of non-compliance.    
 
I am familiar with the University of Maryland Baltimore Environmental Health and Safety (EHS) policies and procedures 
relative to laboratory safety, biohazards, radiation safety, occupational health and safety, laser safety, chemical and 
biological waste management practices, select agents, and shipping of infectious materials and clinical specimens.  I will 
abide by the regulations, policies and procedures that relate to research, testing or training at UM. I will ensure that all 
laboratory personnel engaged in this project will be informed of potential hazards and adequately trained in procedures of 
animal experimentation involving hazardous agents.   
 
 
___via email __________________________________   3/8/2022_ 
Signature        Date 
 
__Stephen R Thom_________   
Printed Name 
 
 
__________________________________________________________   
Signature – VA Attending Veterinarian (if animal work is funded by the VAMC or conducted in the VAMC) 
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WRITTEN PROTOCOL 
 
Lay Summary (limit response to ¼ - ½ page):   
 
1. Using non-technical (lay) language, please describe the purpose of the proposed study.  
 
Decompression sickness (DCS) presents a health risk for compressed air divers and caisson/tunnel workers, and it 
poses a constraint to provocative diving and submarine escape. Bubbles play a role in pathophysiological 
responses mediating DCS, however, they are often produced without symptoms. Therefore, additional 
etiological factors have been sought to explain DCS development. Microparticles (MPs, small vesicles present 
in the circulation) are elevated in association with simulated as well as bona fide underwater diving. These MPs 
carry inflammatory proteins that damage blood vessels throughout the body, including those in the brain. 
Maneuvers which decrease the incidence of DCS in the animal model also diminish MPs production in human 
divers. As MPs cause vascular damage and may also participate in gas bubble nucleation (a required stimulus to 
form bubbles in the body), their formation presents a feasible explanation for most aspects of DCS 
pathophysiology. Hence, further research focused on MPs has direct relevance to U.S. Navy operational diving, 
commercial, scientific and sport divers whose activities are constrained by DCS risk. The only meaningful 
intervention that has come from decades of traditional DCS research is staged decompression tables to limit 
symptom development. This project will take a novel approach to identify the role of neuroinflammation and 
MPs in DCS and further explore the potential use of a pharmaceutical agents that we have found to abrogate 
MPs injuries in other disorders. These might prove to be useful as clinical prophylactic and therapeutic 
interventions.  
 
2. Describe the potential scientific benefit of the proposed study with respect to human and animal health, the 

advancement of knowledge, or the good of society.  
 

These studies will improve understanding of decompression sickness and its treatment. While previous studies by us 
and others suggest that pressure exposure followed by decompression causes an adaptive immunological response, the 
results do not explain early activation of blood-borne white cells (neutrophils), the predilection of neutrophils for 
attacking the blood vessel lining of the brain and elsewhere, or why functional deficits are manifested over hours to 
days after the exposure. Another unexplained observation is the ability to transmit the decompression-induced insult 
to naïve mice by injections of microparticles isolated from the blood of decompressed mice. These are the specific 
points that will be addressed in this project. 
 

 
 

Justification for the use of animals and species (limit response to ¼ - ½ page):   
 
1. Please justify the use of animals in general.  Discuss whether other alternatives (e.g., cell culture, computer 

modeling/simulation) to animal usage exist and if so, why they are not feasible, etc.  
 
Currently, no non-animal model of decompression sickness can effectively reproduce the effects of brain injuries seen 
in animal and human exposures. Mice are well characterized in the laboratory and have been chosen to produce the 
most widely used animal brain injury models allowing adequate breeding, use of specific knock-out mice, surgical 
and post-surgical physiologic monitoring. Mice have been widely used in the studies of many brain injury including 
carbon monoxide, carbon dioxide, hypoxia and ischemia, making comparisons between our results and other studies 
possible. Our lab has well-characterized rat and mouse decompression sickness models. Per our database searches we 
found no alternative model using a less sentient animal, computer or cell culture model meeting the scientific aims of 
this submission. 
 

2. Please document why a particular species was chosen for these studies (cost is not acceptable as the sole 
justification).  Additionally, please justify the use of single sex / gender animals, e.g., experiments utilizing all 
males or all females. 
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dynamics of communication between blood-borne MPs and transmission of inflammatory signals across the blood-brain 
barrier. 
 
2. Does any of the proposed research duplicate previous work?      ☐ YES   ☒ NO 

 

If yes, please discuss the rationale for this duplication. 
 
Click here to enter text. 
 

 
3. Planned Experiments.   The following information must be provided for each planned experiment.   
 

Experiment 1 – Brain glymphatic flow assessment by Magnetic Resonance Imaging 
 

Briefly describe the objective of this experiment. Studies will establish the time-course and pattern of 
glymphatic 
flow 
changes 
after mice 
are exposed 
to the 
standard 

decompression stress (100 psi air pressure for 2 hours) as well as graded lower exposures more within established 
US Navy limits (25 or 50 psi for 2 hours). Note that in rodent studies since 1990 these exposures do not cause 
animal discomfort. The purpose of these experiments is to assess whether glymphatic dysfunction occurs at lower 
pressures. Times for studies were chosen based on knowledge of MPs production events. Glymphatic flow in 
small animal studies is typically assessed using cisterna magna injections of fluorescent tracers. MRI is a potential 
better method (fewer artifacts) and could be an adjunctive and/or alternative method but needs validation. 

 
Describe what will happen to the animals from start to finish. Mice will be exposed to high pressure for 2 
hours in the PI’s lab, removed from the pressure chamber and studied at 0, 1, 2, 4 hours, or at 1, 2, 3, 4, 5 or 7 
days post-exposure by placing a tail vein catheter for gadodiamide injection. If mice are to be studied more than 4 
hours later they will be returned to the vivarium for standard housing until study. At the time the MRI study is to 
begin, the mouse will have a catheter placed in the tail vein in the PI’s lab and then transported for the MRI study 
to . The 
animal will be anesthetized in an animal chamber using a gas mixture of O2 (1 L/min) and isoflurane (>3-4.5 % 
induction; >1-3% maintenance). The animal will then be placed prone in an animal holder with a nose cone and a 
bit bar. The surface RF array coil will be positioned over the head of the animal. The animal’s eyes will be 
treated with a petrolatum based ophthalmic lubricant without antibiotics to prevent corneal desiccation. The 
animal holder will be moved to the center of the magnet and the isoflurane level will be changed to 1.5 to 2 %. 
The level of isofluorane will be further adjusted based on the respiration rate changes of the animal for the 
remainder of the experiment. A MR compatible small-animal monitoring and gating system (SA Instruments, 
Inc., New York, USA) will be used to monitor the animal respiration rate and body temperature. The animal body 
temperature will be maintained at 35-37oC using a warm water circulation. After moving the mouse on the 
imaging bed into the magnet, a system calibration will be performed followed by injection of a contrast agent 

 

Mice: Initially C57BL/6J wild type & if 
studies successful same protocol used 

with CD36 KO mice (B6.129S1-
Cd36tm1Mfe/J) 

Experiment 1

Control mice (n=8) or decompressed (25, 50 or 
100 psi x 2 hour) (n=240)

1. At 0, 1, 2, 4 hours or 1, 2, 3, 4, 5, 7 days post-decompression, MRI study then 
euthanize.

2. Cervical nodes are isolated & blood obtained for microparticle analysis and 
neutrophil activation assays.

3. Perfuse mouse with paraformaldehyde for brain immunohistochemistry.

(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)
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(gadodiamide) needed for detailed imaging. The IV injection of gadodiamide will be started (0.12 g/kg introduced 
at 2 µl/minute using an infusion pump) and a series of image acquisitions will followed for the next 2 hours to 
monitor contrast intake and efflux from the brain. After the study, the animal will be moved out from the magnet 
and the isoflurane will be stopped. The animal may be returned to the PI lab for euthanasia following the 
approved protocol. We then obtain brain tissue, blood cells, and cervical lymph nodes for analysis.  
 
What is the longest that any one animal will be involved in an experiment? 1 week 

 
List each experimental and control group, including the group size for each group (n=?). We anticipate that 
group sizes of 8 mice (4 male, 4 female) will be adequate to overcome variability and allow statistical analysis. 
There will be 10 experimental groups (0, 1, 2, 4 hours, or at 1, 2, 3, 4, 5 or 7 days post-exposure) and a control 
group. Therefore, as there are 3 pressure protocols [(3 X 10 groups X 8 mice/grp) + 8 controls]  total of 248 wild 
type mice will be used. We expect that there will be important changes at many of these time points that require 
mechanistic investigation. Assuming this proves true, the same study pattern will be done repeated with CD36 
knock-out mice, as outlined in the Experiment 1 figure.  
 
Discuss what criteria were used to determine that the group size(s) proposed utilizes the minimal number 
of animals to generate statistically significant data. Our prior studies looking at MPs responses have required 
replicates of up to 8 per group to overcome variability and achieve statistical significance. Based on ANOVA we 
anticipated this number will achieve a 95 % confidence limit and significance level of p<0.05. 

 
Indicate whether the experiment must be repeated and justify the number of repetitions. No repeats 

 
Indicate the species to be used, and how many will be used (e.g., X # mice per experiment x X # strains of mice).   

1. Wild type: group sizes of 8 mice (4 male, 4 female), 10 experimental groups and 3 pressure protocols plus a control 
group. Therefore, a total of 248 wild type mice will be used.  
 
2. CD36 KO: We expect that there will be important changes at many of these time points that require mechanistic 
investigation. Assuming this proves true, the same study pattern will be done using the CD35 knock-out mice 
(n=248). 

 
Experiment 2 – Glymphatic flow assessment by cisterna magna fluorescent tracer injections 
 

Briefly describe the objective of this experiment. Glymphatic flow in small animal studies is typically assessed 
using cisterna 
magna 
injections of 
fluorescent 
tracers. 
Additionally 
this 
experiment is 
needed to 
validate the 
MRI results. 
As we need to 
do 
histochemical 
studies, we 
can couple the 
histochemical 
studies (e.g. 
astrocyte and 
microglial activation, alterations to myelin basic proteins) in the same mice. These studies will be performed 
entirely in the PI’s lab. At the time for study after the pressure/decompression stress, mice will be anesthetized, 

 

Mice: Initially C57BL/6J wild type & if 
studies successful same protocol used 

with CD36 KO mice (B6.129S1-
Cd36tm1Mfe/J) 

Experiment 2

Control mice (n=8) or decompressed (25, 50 or 
100 psi x 2 hour) (n=240)

1. At 0, 1, 2, 4 hours or 1, 2, 3, 4, 5, 7 days post-CO cisterna magna glymphatic 
study, then euthanize.

2. Cervical nodes are isolated & blood obtained for microparticle analysis and 
neutrophil activation assays.

3. Perfuse mouse with paraformaldehyde for brain immunohistochemistry.
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and a needle inserted into the cisterna magna. Contrast is injected and then the mouse euthanized at intervals for 
post-mortem brain analysis. 
 

Describe what will happen to the animals from start to finish.  Mice will be exposed to the high 
pressure/decompression stresses as described in experiment #1 and at time of study, anesthetized with isoflurane and 
placed in a stereotaxic apparatus that has been cleaned and equipped with a sterile 27guage needle for insertion. After 
cisterna magna catheter insertion, fluorescent contrast is injected at 2 µl/min for 5 minutes. The mouse will then be 
monitored continuously while under anesthesia for 15 to 120 minutes before euthanasia by exsanguination so that brain 
tissue, blood cells, and cervical lymphatics can be studied. The advantage is that using brain sections, fluorescent tracer is 
quantified and immunohistochemical assessments performed to evaluate perturbation/activation of cells involved with the 
glymphatic pathway by imaging astrocytes (AQP-4 and GFAP staining), microglia (ED-1 and CD-68 staining), 
oligodendroglia (native myelin basic protein [MBP] and degraded MBP) and determine their morphological changes as 
occur with activation and cell injury, and the relationship to cerebral blood vessels (collagen IV and smooth muscle actin 
staining) following our published methods. 

 
What is the longest that any one animal will be involved in an experiment?  1 week 
 
 
List each experimental and control group, including the group size for each group (n=?). We anticipate that 
group sizes of 8 mice (4 male, 4 female) will be adequate to overcome variability and allow statistical analysis. 
There will be 10 experimental groups (0, 1, 2, 4 hours, or at 1, 2, 3, 4, 5 or 7 days post-exposure) and a control 
group. Therefore, as there are 3 pressure protocols [(3 X 10 groups X 8 mice/grp) + 8 controls]  total of 248 wild 
type mice will be used. We expect that there will be important changes at many of these time points that require 
mechanistic investigation. Assuming this proves true, the same study pattern will be done repeated with CD36 
knock-out mice.  
 
Discuss what criteria were used to determine that the group size(s) proposed utilizes the minimal number 
of animals to generate statistically significant data Our prior studies looking at MPs responses have required 
replicates of up to 8 per group to overcome variability and achieve statistical significance. Based on ANOVA we 
anticipated this number will achieve a 95 % confidence limit and significance level of p<0.05. 

 
 

Indicate whether the experiment must be repeated and justify the number of repetitions. None 
 
 

Indicate the species to be used, and how many will be used (e.g., X # mice per experiment x X # strains of mice).   
1. Wild type: group sizes of 8 mice (4 male, 4 female), 10 experimental groups and 3 pressure protocols plus a control 
group. Therefore, a total of 248 wild type mice will be used.  
 
2. CD36 KO: We expect that there will be important changes at many of these time points that require mechanistic 
investigation. Assuming this proves true, the same study pattern will be done using the CD35 knock-out mice 
(n=248). 
 
Experiment 3 – Effect of pharmaceuticals on post-decompression glymphatic responses. 
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exposure. Therefore, 8 mice/group X 4 time points x 2 glymphatic analyses X control or decompression X 5 agents = 
640 wild type mice will be used.   
 
Experiment 4 – Assess glymphatic flow responses to purified MPs injections.  
 

Briefly describe the objective of this experiment. We want to determine if MPs are the driving force for 
glymphatic/neurological damage 
post-decompression. We believe 
the most definitive approach to 
achieving this goal is to harvest 
MPs from blood of 
decompressed mice and inject 
them into naïve mice looking to 
recapitulate tissue injuries. 
Follow-on studies will then be 
performed to directly assess the 
pathological role for 
inflammatory mediators by co-
injecting the MPs along with 
agents shown effective in 
experiment 3. 
 
Describe what will happen to 
the animals from start to 
finish.  Mice will be removed from the vivarium and brought to the lab. Some will be used as donors by exposing 
them to 100 psi air pressure for 2 hours (or control mice exposed to just air) and euthanizing them at the time of 
maximum MPs production (we suspect this will be 0 and 2 hours post exposure). MPs will be harvested from 
cervical lymph nodes, then re-suspended at 50,000 MPs/100 µl sterile PBS. Typically, 1 donor mouse provides 
sufficient MPs for 4 experimental mice. Recipient mice will be injected via a tail vein with 100 µl solution. 
Vascular and inflammatory responses to MPs have typically been seen to occur in 1-2 hours in our prior studies, 
so studies will be done at 0 and 2 hours post-injection (see Figure). These studies will be followed by performing 
the same experiment but including antagonists shown effective in experiment 3. 
 
What is the longest that any one animal will be involved in an experiment? 1 day 

 
List each experimental and control group, including the group size for each group (n=?). There will be 1 
donor mouse for 4 recipient mice. Each time point (0 and 2 hours post-injection) will be done with 8 mice. There 
will be 6 groups, MPs alone or MPs with one of 5 agents); 8 x 6 = 48 mice x 2 (0 and 2 hours) = 96 recipient mice 
x study by MRI or cisterna magna injection (2 x 96 = 192 mice). For 192 mice we will need 48 MPs donors (24 
control mice, 24 exposed to the 2 hour decompression protocol). Therefore 240 mice in total for experiment 4. 
 
Discuss what criteria were used to determine that the group size(s) proposed utilizes the minimal number 
of animals to generate statistically significant data Our prior studies looking at MPs responses have required 
replicates of up to 8 per group to overcome variability and achieve statistical significance. Based on ANOVA we 
anticipated this number will achieve a 95 % confidence limit and significance level of p<0.05. 

 
 

Indicate whether the experiment must be repeated and justify the number of repetitions. No repeats 
 

Indicate the species to be used, and how many will be used. There will be 1 donor mouse for 4 recipient mice. 
Each time point (0 and 2 hours post-injection) will be done with 8 mice. There will be 6 groups, MPs alone or 
MPs with one of 5 agents); 8 x 6 = 48 mice x 2 (0 or 2 hours) = 96 recipient mice x study by MRI or cisterna 
magna injection (2 x 96 = 192 mice). For 192 mice we will need 48 MPs donors (24 control mice, 24 exposed to 
the pressure protocol). Therefore 240 mice in total for experiment 4.   

 
Experiment 5 – Determine relationship of glymphatic dysfunction with functional deficits. 

 

Mice: C57BL/6J wild type: 1 control or 
decompressed- donor mouse per 4 naïve recipients 

Experiment 4

Mice injected with 50,000 MPs without or with 
either: Anakinra, JSH -23, KYC, PEG -Telomer B or 

gelsolin (n=8/group).

1. Cervical nodes are isolated & blood obtained for microparticle analysis and 
neutrophil activation assays.

2. Perfuse mouse with paraformaldehyde for brain immunohistochemistry.

At 0 and 2 hourspost-injection, MRI 
study then euthanize (n=96 
recipient mice, 24 donors)

At 0 and 2 hourspost-injection, Cisterna 
magna study then euthanize (n=96 

recipient mice, 24 donors).
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Briefly describe the objective of this experiment. We will perform functional testing to assess brain-related 
dysfunction in mice after decompression and determine whether any of the interventions described above that 
antagonize 
inflammatory 
changes mediated 
by microparticles 
abrogate the 
abnormalities. 
Most tests are 
simple tasks and 
we will observe 
mouse responses. 
The total time 
required for the 
battery of tasks 
will be 5 days 
following 
decompression. 
The list of tasks are 
as follows: 
 
1. Novel Objects 
Recognition Test 
2. Beam walking 
Test 
3. Accelerated Roto-rod 

 
Describe what will happen to the animals from start to finish.  Each mouse will be utilized in a 5-day 
protocol. First, on Monday mice receive a test agent before pressure exposure (PBS, JSH-23, KYC, PEG 
Telomer B of gelsolin) and then exposed to 100 psi for 2 hours. There will also be a control group that will have 
not received an agent or pressure/decompression. Each testing cycle group will involve 8 mice. Because a number 
of other studies have shown that sex can have a great impact on learning and behavioral assays, we will be doing 
studies in a manner to specifically assess responses in each sex. The first sequence will be only male mice: 4 
control and 4 pressure-exposed mice. Ensuing cycles will each involve 8 mice, but there may then be all female 
mice, or comparisons of all pressure-exposed mice but with 4 undergoing one of the interventions (anakinra, JSH-
23, KYC, PEG-telomer B, or gelsolin). After these exposures, mice will be taken to our testing room 

 to initiate testing and after each day of testing returned to the vivarium overnight.  
 
These tests are all performed in a quiet room, with indirect lighting inside a Plexiglass arena that will be cleaned 
with MB10 and manually scrubbed between testing trials. The arena will be given time to dry completely before 
the next mouse is placed for testing.  
 
Novel Objects Testing will be in the following sequence: 
Day 1 (Mon, after the pressure exposure): Acclimation to testing chamber 5 min per mouse 
Day 2 (Tues): Acclimation to chamber 5 min per mouse 
Day 3 (Wednesday): Novel object recognition test (1 hr retention test) - each mouse is allowed 5 minutes to 
explore 2 identical objects. They will then be removed to the holding cage for a 1 hour ‘retention interval’ and 
then replaced in the testing arena and allowed 5 minutes exploration on 1 old and 1 new object. 
Day 4 (Thursday): Novel object recognition test (24 hr retention test). 
Day 5 (Friday) each mouse will undergo the Novel object location test.  
 
Beam Walk will be in the following sequence:  
Day 1 (Mon, after the pressure exposure): Acclimation to testing room and beam walking apparatus (5 
min/mouse). 

 

Mice: C57BL/6J wild type  (n =144)

Experiment 5

Mice injected with either of following agents: 
PBS (control), Anakinra, JSH- 23, KYC, PEG-

Telomer B or gelsolin (6 groups).

1.Cervical nodes are isolated & blood obtained for microparticle analysis and 
neutrophil activation assays.

2.Perfuse mouse with paraformaldehyde for brain immunohistochemistry.

Control mice or exposure to standard model 
N= 8 male and 8 female/ group

Functional Testing, then at 
termination - euthanize

(b) (6)
(b) (6)
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Day 2 (Tues): Fine motor coordination will be evaluated. A soft padded surface will be placed at the base of the 
apparatus to cushion any mice that fall. The ability of the mouse to walk across a 1 m beam (3cm, 2cm, 1cm width) 
will be assessed, measuring distance and time.  
Days 3-5: Testing will be repeated daily to evaluate persistence of deficits (recovery has been described in some 
studies).  
 
Accelerating rotarod will be in the following sequence::  
Day 1 (Mon, after the pressure exposure): Acclimation to testing room and apparatus (5 min/mouse). 
Day 2 (Tues): Mouse will be placed in the room with rotarod apparatus. The rotarod will be set at a start speed 
of 4 rpm, acceleration rate 20 rpm/min. The mouse will be held by the tail, and then placed on the rotating 
rod, facing it away from the directions of rotating so it has to walk forward to remain upright. Acceleration 
will start at 10 sec after placing the mouse on the device. The speed at with the mouse falls will be 
recorded. If it falls off before 10 sec, the time of fall will be recorded, and will try again, up to three times 
in total. To allow recovery of muscular strength and a return to normal levels of arousal, mice will be 
rested by a return to the home cage after each motor test. Recording the speed at the first fall after the 10 
sec point. The mean speed at fall is the datum. Bubble wrap is placed on the table under the rod to reduce 
chance of injury on displacement from rotating rod.  The wrap is replaced after cleaning with soap water/ 
towel dried if soiled. 
Days 3-5: Testing will be repeated daily to evaluate persistence of deficits (recovery has been described in some 
studies).  

 
What is the longest that any one animal will be involved in an experiment?    5 days 
 
List each experimental and control group, including the group size for each group (n=?).  
Each group will involve 8 male and 8 female mice in 12 groups: Control or decompression, plus injection with 
PBS, or agents found effective in studies described above. We hypothesize that 3 agents will be found effective.  
 
Discuss what criteria were used to determine that the group size(s) proposed utilizes the minimal number 
of animals to generate statistically significant data (e.g., power analysis, reports in the literature, previous 
experience, etc.). Prior studies looking at microparticle responses have required replicates of up to 8 per group to 
overcome variability and achieve statistical significance. With functional testing, we anticipate there will be 
greater variability versus the biochemical studies and there is also greater likelihood that sex will influence the 
results. Hence, we plan to study 8 male and 8 female per group. Based on ANOVA we anticipated this number 
will achieve a 95 % confidence limit and significance level of p<0.05. 

 
 

Indicate whether the experiment must be repeated and justify the number of repetitions.  
No repetitions are necessary. 

 
Indicate the species to be used, and how many will be used (e.g., X # mice per experiment x X # strains of 
mice). 16 mice/group X 3 groups X 3 tests = 144 mice 

 
Experiment 6 – Direct assessment of glymphatic outflow causing systemic immune response. 
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Indicate the species to be used, and how many will be used.   4 groups x 8 mice/group, 4 time points = 128 
mice 

 
 
4. Animal Reuse – Will any of the proposed experiments utilize animals that have already undergone 

experimental procedures in this animal usage protocol or in a separate animal use protocol?    ☐ YES   ☒ NO 
 
 

Detailed Descriptions of Animal Procedures:   Identify EACH procedure to be performed on an animal. List as a subheading 
and provide a detailed description of how the work will be performed.  Please list procedures chronologically.  The following 
items must be addressed.   
Animal Transport: Mice in the vivarium will be transported according to procedures outlined in Veterinary Resources 
SOP #608. 
 
Exposure of mice in the hyperbaric chamber: Typically, two mice but never more than four are placed in a steel 
chamber manufactured by Bethlehem Steel Corp. with a volume of ~ 2154 cm3 (slightly smaller volume than a shoe 
box mouse cage) that is pressurized with air to up to 100 psi pressure. Chamber pressure is monitored by a sensitive 
gauge hydrostatically calibrated by the manufacturer. A lab worker is constantly monitoring the chamber pressure and 
intermittently looks into the chamber using the Plexiglas view port to monitor mouse activity. There is no national 
certification for animal use hyperbaric chambers but ours has been inspected by the Office of Naval Research grant 
program officer (who funds the study). Animals move around freely inside the chamber for the 2 hour exposure. 
Water is provided by a pressure-vented bottle. Air is flowed through the chamber at a rate of 5 liters/minute for the 
duration of the exposure to maintain a normal atmosphere without carbon dioxide build-up. Pressurization occurs 
slowly over a span of approximately 10 minutes (30 feet of sea water/5 minutes, same pressurization rate often used 
by human SCUBA divers) while mice are continually observed through a Plexiglas porthole. There is no notable 
discomfort experienced by the mice so long as pressurization does not occur at a rate that exceeds the ability of the 
animal to equalize pressure across their middle ear. Inadequate equalization is reflected by mice shaking their heads 
and exhibit excess activity during pressurization. If the chamber operator observes this behavior, pressurization is 
stopped for several minutes until the mouse appears calm and then pressurization is resumed as a slightly slower rate. 
Although we have never observed a mouse being intolerant to pressure, if a mouse appeared agitated with any 
pressurization this would suggest there is a mechanical obstruction rendering the mouse unable to equalize middle ear 
pressure. If that occurred, the mouse would be removed from the chamber and euthanized . Depressurization occurs at 
the same rate as pressurization (over ~ 10 minutes). This model has been used continuously for over 15 years and no 
mice have ever manifested evidence of decompression sickness such as unconsciousness, paralysis, dyspnea, change 
in behavior such as hyper- or hypo-activity, or hemoptysis. After each use, the pressure chamber is disinfected with 
70% isopropyl alcohol and air dried. 
 
 
MRI studies: After pressure exposures and placement of the tail vein catheter be done in the PI’s lab, mice will be 
transported to . 
The animal will be anesthetized using isoflurane at a dose range of >3 - 4.5% for induction and >1 - 3% for 
maintenance via calibrated, precision vaporizer with scavenger system. The animal will then be placed prone in 
an animal holder with a nose cone and a bit bar. The surface RF array coil will be positioned over the head and the 
animal’s eyes will be treated with a petrolatum based ophthalmic lubricant without antibiotics to prevent corneal 
desiccation. Typically, the scan is stopped at intervals of ~20 minutes when signal is checked and at these 
times the corneal desiccant will be re-applied, and level of anesthesia checked and recorded in a study log. 
The animal holder that is cleaned between uses with soap and water and manually scrubbed will be moved to the 
center of the magnet and the isoflurane level will be changed to ~ 3 %. The level of isoflurane will be further adjusted 
based on the respiration rate changes of the animal for the remainder of the experiment. A MR compatible small-
animal monitoring and gating system (SA Instruments, Inc., New York, USA) will be used to monitor the animal 
respiration rate and body temperature. The animal body temperature will be maintained at 35-37oC using a warm 
water circulation blanket (scientific grade) with a disposable chux pad between mouse and blanket to prevent burns. 
After moving the imaging bed into the magnet, baseline calibrations will be done followed by injection of 
pharmaceutical-grade gadodiamide (Gd, 0.12 g/kg in a volume of 0.1 ml) via an IV catheter in the tail vein. 
When the injection finishes, image acquisitions will follow. After the whole data acquisition, which will be take not 
more than 2 hours, the animal will be moved out from the magnet and the isoflurane will be stopped. The catheter will 

(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)
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be removed, skin swabbed with 70% alcohol. The injection site will be observed for 5-10 minutes while the mouse is 
awakening from anesthesia to be assured there is no hemorrhage (if hemorrhage occurred, the site would be held 
gently with gauze to stop the bleeding). Animals will be provided thermal support during anesthesia recovery and then 
taken to the PI’s lab for euthanasia. 
 
Intra-cisternal injections for fluorescent imaging: This is a non-survival surgical procedure with a maximum duration 
of 2 hours. Mice will be placed in a precision vaporizer with charcoal scavenging waste system will be used. Mice 
will be placed in an induction chamber and using 100% oxygen as the delivery gas, anesthesia will be established with 
an induction dose of >3 to 4.5% isoflurane. Once the animal is recumbent the chamber will be flushed with oxygen 
and the animal placed in a stereotactic apparatus that was pre-washed with soap, water and then dried. The apparatus 
has a heating plate (scientific grade) to maintain mouse temperature. A lubricated tip pf a rectal probe is inserted to 
monitor temperature and maintain at 36oC during the procedure. Ocular lubricant is applied and re-applied every 20 
minutes. A lack of toe pinch response is verified prior to proceeding. The scalp will be prepared by clipping with a 
#40 blade or smaller. The site will be prepped with a surgical scrub soap rinsed with 70% alcohol swabbing 
(alternating washes repeated for a total of 3 times) and then after a ~0.7 cm longitudinal scalp incision with clean, 
soap-washed/rinsed instruments and scalp skin is gently retracted using a sterile cotton swab to expose the skull. 
Using predefined stereotaxic coordinates at 1 mm posterior and 3.5 mm lateral to the bregma the skull is marked as 
the intended injection site. A dental drill is used to place a burr hole piercing to the inner cortical layer of the skull at 
these coordinates using a 0.45 mm clean soap-washed/rinsed burr drill bit using refined circular movements. The drill 
is then removed and a syringe injector in the stereotactic apparatus is used to insert a 33-gauge needle to 1.5 mm 
below the surface of the brain. At that point 0.5 µl fluorescent tracer is injected. The mouse is removed from the 
apparatus, kept under isoflurane anesthesia and scalp skin closed over the skull with a single 4-0 nylon suture. At 
times from 15 to 120 minutes mice will be euthanized by exsanguination. During this time anesthesia checks based on 
toe pinch are performed at 15-minute intervals. At the designated time euthanasia is carried out. After blood is 
obtained, the right heart will be opened, a cannula placed in the left ventricle and mouse perfused first with saline 
until clear effluent returns to the right heart blood followed by gravity-perfusion for 15 minutes with 10% neutral 
buffered formalin (NBF). Mice will be constantly observed through this procedure. Throughout the observation period 
mice will be kept on a warming pad (scientific grade) to maintain thermal support. 
 
Blood collections: All blood collection will be performed under anesthesia at time of euthanasia and at no other times. 

 
Routes of Administration:  
Intravenous IV (tail vein) – For injections the mouse will be placed in a plastic restrainer that allows access to the tail 
vein. The Tail vein injection site is wiped with 70% alcohol and a sterile 29G (purchased from SAI Infusion 
Technologies, Inc.) catheter inserted into the tail vein for IV administration.  
 
SC – Mice will be restrained by scruffing, with the head slightly tilted down. The injection site will be prepped with 
70% alcohol. The skin/fur on the back of the neck will be pulled back (i.e,. “tented) to allow insertion of the needle 
subcutaneously and the contents of the syringe delivered under the skin. The injection volume will not exceed 0.6 ml 
and needle gauge will be 26 G or smaller. 
 
IP - Mice will be placed in a plastic restraint device that allows free access to the abdomen. After the fur and 
abdominal wall are wiped with 70% alcohol, a sterile 27 gauge needle will be inserted along the lateral aspect of the 
mid-abdomen for agent injection. The total volume of solution will not exceed 0.2 ml. 
 
 
Functional testing protocols:  

Novel Object Recognition Test  
Normal rodents naturally examine novel objects longer than familiar ones. This natural tendency permits assessment of 
perirhinal cortex dependent memory without stressful conditions, or high task demands. Memory of familiar objects can 
be tested at both short and long intervals, to detect deficits in short and long-term memory. Briefly, mice are placed in 
an arena housing 2 identical objects that are cleaned between uses with soap and water, manually scrubbed and dried 
prior to repeat usage. Mice are permitted to explore freely. This and subsequent sessions are video recorded for offline 
analysis. After a retention interval, the mouse is returned to the arena and one of the objects is replaced with a new one. 
It is expected that mice with an intact memory for the familiar object will spend more time examining the novel object.  
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For the short (1 hr retention) test, each mouse is allowed 5 minutes to explore 2 identical objects. They will then be 
removed to the holding cage for a 1 hour ‘retention interval’ and then replaced in the testing arena and allowed 5 minutes 
exploration on 1 old and 1 new object. The animals will be monitored continuously during this activity and total testing 
time for each mouse is estimated to be 1 hour and 15 minutes to allow for lag-times with animal transfer. Mice will be 
returned to the vivarium at the test session. 
 
For the ‘long-term’ (24 hr or more retention) test, after taken from the vivarium and returned to the testing site each 
mouse will be placed in the testing arena after the 24 hour ‘retention interval’ and allowed 5 minute exploration on the 
1 old and 1 new object. The animals will be monitored continuously during this activity and total testing time for each 
mouse is estimated to be 15 minutes to allow for lag-times with animal transfer.  
 
Beam Walk Test  
This study will assess motor and balance functions, as are often impaired in DCS. Mice will be acclimatized to the 
apparatus after the pressure exposure and daily testing conducted starting 24 hours later. Fine motor coordination will 
be evaluated by assessing distance and time that mice can ambulate across a 1 m beam (3cm, 2cm, 1cm width). The 
area beneath the beam has a soft padded surface to cushion any mice that fall. The ability of the mouse to walk will be 
assessed, measuring distance and time. After each use, the beam and padding are disinfected with 70% isopropyl 
alcohol and air dried.  
 
Accelerating rotarod Test  
Mice will be acclimatized to the apparatus after the pressure exposure and daily testing conducted starting 24 hours 
later. The mouse is placed in the room with rotarod apparatus and the rotarod set at a start speed of 4 rpm. The 
mouse is held by the tail and placed on the rotating rod, facing it away from the directions of rotating so it 
has to walk forward to remain upright. After ambulation starts, acceleration starts at 10 sec after placing the 
mouse on the device. The speed at with the mouse falls will be recorded. If it falls off before 10 sec, the 
time of fall will be recorded, and will try again, up to three times in total. To allow recovery of muscular 
strength and a return to normal levels of arousal, mice will be rested by a return to the home cage after each 
motor test. Recording the speed at the first fall after the 10 sec point. The mean speed at fall is the datum. 
Bubble wrap is placed on the table under the rod to reduce chance of injury on displacement from rotating 
rod.  The wrap is replaced after cleaning with soap water/ towel dried if soiled. Testing will be repeated daily 
to evaluate persistence of deficits (recovery has been described in some studies). After each use, the beam and 
padding are disinfected with 70% isopropyl alcohol and air dried.  

 
Video recording of cognitive tasks: For each of the tasks described above, the mice will be recorded on video to  
aid with recording of time to achieve each of the tasks. We will comply with all UMB SOM IACUC guidelines  
on image recording. Specifically, we do not anticipate including image / recording in publications or exhibitions.  
However, if ever we do think this is a reasonable activity, we will obtain IACUC approval of the image / recording  
prior to use. Further, with capturing all image / recording, we will be careful to limit the visibility of the animal  
facility and research staff. Moreover, all images / recordings will be removed from the recording device and stored on  
a secured device. 
 
Cervical node MPs procurement: This is a non-survival surgical procedure in which mice are anesthetized 
(Ketamine/xylazine) and the neck and chest are fully clipped and then swabbed with 8-12% solution of either betadine 
or chlorhexidine sudsing surgical scrub applied with clean cotton gauze, then rinsed with 70% alcohol on gauze and 
both steps repeated two more times. The last application of the alcohol is allowed to air dry. Once a level of surgical 
anesthesia is reached, the neck and thorax are aseptically opened and exsanguination performed followed node 
harvesting. The neck is dissected, cervical lymph nodes identified and harvested for ex vivo mincing and 
microparticle purification. This is achieved by centrifugation in sterile tubes for injections into the tail vein of 
recipient mice (as described above under IV tail vein injection). This procedure is performed in the PI’s lab 
 
Survival surgery – ligation of cervical lymphatics: Prior to pressure exposure, mice will have deep cervical lymphatic 
chains ligated to prevent release of CNS-derived MPs from gaining access to the blood stream. Isoflurane anesthesia 
will be induced via induction chamber and continued post induction via a face mask. Post skin prep, surgery will be 
initiated as described in detail below and blood flow will be monitored (to be assured we do not disturb flow during 
the surgery). Cerebral blood flow will be monitored by Laser Doppler Flowmetry (LDF) (Moor Instruments, Inc. 
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Wilmington, DE) during the procedure. Servo controlled thermal support is provided to maintain steady by 
temperature. Sham animals will undergo the same procedure except that lymphatic ligation will not be done. To 
mitigate the pain and distress, we will use a local anesthetic (bupivacaine) at surgery to reduce immediate post op pain 
and will euthanize mice early if exhibiting signs stated in the ‘Alternative Endpoints’ section below. 
 
Surgical Area Prep: In order to maintain aseptic conditions, the surgical desk and other accessories will be free of 
clutter, cleaned with 10 % dilution of household bleach, wiped dry with a clean towel, and covered with a clean drape. 
Washed and cleaned instruments will be autoclaved at 121 º C for 20 min. 
 
Surgeon prep: The surgeon will don a facemask, wash hands with antiseptic soap, dry hands on clean paper towels 
and don a surgical gown, and then sterile gloves. Gloves will be changed between animals or if grossly soiled or break 
in aseptic technique occurs (e.g., glove accidentally touches non-sterile objects). 
 
Instrument Prep: For first use on any day all instruments will be autoclaved. When conducting multiple surgeries on 
the same day, between use on animals, the instrument tips will be rinsed clean of any organic debris and the distal 1/3 
of the instruments will be re-sterilized in a bead sterilizer and placed on sterile drape or roll of sterile cotton gauze to 
air cool a minimum of 5-10 minutes until next use. 
 
Anesthesia: Mice are weighed, and weights recorded on their anesthesia records. A precision vaporizer with charcoal 
scavenging waste system will be used to delivery isoflurane. Mice will be placed in an induction chamber and using 
100% oxygen as the delivery gas, anesthesia will be established with an induction dose of >3 to 4.5% isoflurane. Once 
the animal is recumbent and respiration noted to slow, the chamber will be flushed with oxygen and the animal moved 
to the to an area a few feet from the ‘surgery table. Anesthesia will be maintained via nose cone using Isoflurane at >1 
- 3 % in 100 % O2 and monitored continuously during and after the procedure, as described below. In any rare cases 
of a non-functioning isoflurane system, Ketamine (80-150mg/kg)/Xylazine (8-15mg/kg) will be administered 
intraperitoneally post manual scruffing of mice by grasping them at the nape of the neck. Injection will be done at a 
mid-abdomen injection site after prep (70 % alcohol on clean cotton gauze,) using a 25 G or smaller bore needle to 
induce for surgical prep and this surgery and surgical plane of anesthesia confirmed as described in above. If top off is 
needed at around 25 minutes post-induction, ½ the initial dose of ketamine will be administered, and if at 45-50 
minutes if top off is needed then ½ doses of ketamine and xylazine will be administered. 
 
Surgical Site Prep: In an area located approximately 1-2 feet from the surgery table, fur is removed from both sides 
of the neck of the anesthetized mouse by using electric clippers with a # 40-50 clipper blade, fur is removed 
to provide 1 cm margins around the planned incision lines. The clipping margins will be from brow to back of skull, 
and from ventral to dorsal midline. The clipped areas will be wiped with a gauze wet with 70% ethanol to remove any 
loose fur. Post removal of lose fur, animals are moved to the surgery table. 
 
Thermal Support: During the ~ 60 min surgical procedure, animals will be maintained at a temperature of 37.0±0.5 
degree Celsius with a homoeothermic-heating pad (Physio Suite Mouse STAT Right Temp, Kent Scientific Co., 
Torrington, CT). Note that a disposable chux pad will be placed between the mouse and the heating pad to prevent 
burns.  
 
Ocular Protectant: Protective ocular ointment (Para-lube or Lacri-lube) is placed in both eyes to reduce chances of 
corneal desiccation. Application will be repeated every 20-30 minutes post induction of anesthesia. 
 
Aseptic Prep: The Clipped skin area is prepped with and 8-12% solution of either betadine or chlorhexidine sudsing 
surgical scrub applied with clean cotton gauze, then rinsed with 70% alcohol on gauze and both steps repeated two 
more times. The last application of the alcohol is allowed to air dry. 
 

Surgical Procedure: 
1) Depth of the anesthesia will be confirmed by a lack of corneal reflex and/or no response to deep tail or foot pinch. 
Anesthetic depth will be re-assessed at least every 10-15 minutes throughout the surgery and noted on anesthesia 
record (adequate, increased, decreased etc). 
2) Local analgesia will be provided by injecting approximately 0.2 ml of bupivacaine (0.25% - 0.5%, diluted 1:1 with 
saline, max 6 mg/kg) subcutaneously in the incision sites with a 25 G or smaller bore needle, which will provide local 
anesthesia for approximately 6-8 hrs. 
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Ocular protectant 
(lacrilube) 

n/a Each eye yes No Eye protection 

Fluorescent cadaverine 0.1 mg/kg Intra-
cisternal 

No –but sterile 
and filtered 

No Brain glymphatic imaging 

Fluorescent ovalbumin 0.1 mg/kg Intra-
cisternal 

No –but sterile 
and filtered 

No Brain glymphatic imaging 

ketamine 80-150 mg/kg IP Yes No Anesthetic 
xylazine 8-15 mg/kg IP Yes No Anesthetic 
Buprenorphine 0.05-0.1 mg/kg SQ Yes No Post-op analgesic 
bupivicaine 0.2 ml (0.25% - 

0.5%, diluted 
1:1 with saline, 
max 6 mg/kg) 

SC  Yes  No  Local analgesia 

*Scientifically justify use of non-pharmaceutical grade compounds: Non-pharmaceutical grade agents will be used only when 
pharmaceutical grade agents are not available. 
 
☒  *I confirm any non-pharmaceutical grade compounds will be reconstituted and stored per the IACUC Guidelines on the 
use of Non-pharmaceutical Grade Compounds in Animal Use Protocols.   

CL1 – Chemical Level 1; CL2 – Chemical Level 2; Refer to EHS Hazardous Chemical Use in Animal Research website for guidance. 
 
 
Identification of Animals: Please provide details on the method of identification (e.g., ear tagging, tattooing, etc.) used for all 
animals in the study and the age of animals when procedures are performed.  

 
 Mice do not have to be tagged or tattooed. We will use ~20 gram, 8 week old mice. Mice will be identified at the 
 cage level by marking the ears or tail with a color using an ink pen.  
 

General Monitoring: Please provide details to the general monitoring of animals throughout the course of these experiments.  
Define parameters to be monitored, frequency of monitoring (at least 3 times a week), and identify the individual(s) responsible 
for monitoring.  

Mice are under observation daily Monday through Friday and provided with extra food and water over weekends. 
All animals will have free mobility and access to food and water. During the study, we will monitor for general 
signs of animal distress. If mice were found to be behaving as if in pain based on abnormal behavior (hyperactive, 
or not moving at all), exhibiting piloerection, or porphyrin deposits from eyes they would be immediately 
euthanized.  
 

Alternative Endpoints: Please specify criteria to be used to determine whether early euthanasia (prior to the experimental 
endpoint) is warranted.   Please refer to the Endpoint Guidelines available on the OAWA website and include only those that are 
applicable to the proposed research.  

 
There are no specific manifestations to adverse effects from decompression, or other manipulations planned in 
this project. That is, one would look for general signs of animal distress. If mice were found to be behaving as if 
in pain based on abnormal behavior (hyperactive, or not moving at all), exhibiting piloerection, or porphyrin 
deposits from eyes they would be immediately euthanized (ketamine/xylazine and then exsanguination). None of 
the agents planned for use should cause animals to lose weight or suffer any other sort of stress in the short time 
they will be under observation until euthanasia. 
 
Regarding animals subjected to survival surgery, if mice appear moribund as defined below they will be 
euthanized.  
(i) 15 % weight loss over 24 hours: The percentage of weight loss = (Pre surgery weight minus weight on 

any day) divided by pre-surgery weight x 100. For animals after surgery, body weight will be assessed 
every other day starting on day 1 post op. 

(ii) Inability to rise or ambulate.  
(iii) Inability to eat/ drink for 24 hrs.  
(iv) Recumbent mice that are unresponsive to gentile finger prodding. 
(v) Evidence of CNS coma signs (e.g. no pupillary reflex).  
(vi) Diarrhea for more than 3 days.  
(vii) Self-induced trauma. 
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Oxidative Tissue Damage After HBO2 Exposure Using Selected 
FDA-Approved Antiepileptic Drugs (AEDs)

Matthew S. Makowski, Hagir S. Suliman, Heath G. Gasier
Duke University Medical Center

B
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Aims: For this project, there were four specific aims. For FY22,
our attention as been placed on Aim 3: Measure inflammatory
activity in mouse forebrain and hindbrain, lung
parenchyma, and mouse plasma and compare four
conditions, air, HBO2, air-AEDs, HBO2-AEDs. We show data
for acute lung injury and the blood marker S100B.

Issues: 1) Time delay in PI transfer (Piantadosi to Gasier). 2)
Two blood biomarkers were initially proposed, S100B and
neuron-specific enolase (NSE). Due to the volume of
plasma/serum required to perform these measurements, we
selected S100B since it is used as a biomarker for traumatic
brain injury.

Summary: In extreme HBO2, the onset of central nervous
system oxygen toxicity is linked to the development of oxidative
lung injury. In male mice pretreated with the antiepileptic drugs
(AEDs) tiagabine and carbamazepine before a single 60 min
exposure to HBO2 at 5 ATA, despite early neuroprotection AEDs
did not prevent lung edema or alveolar-capillary barotrauma.
S100B is a an astrocyte protein that leaks into the blood upon
brain injury and seizures. In male mice exposed to a single 30
min exposure to HBO2 5 ATA, serum S100B increased by 128%
over air mice independent of AED treatment or seizure activity.

FY22 Accomplishments, Discoveries, & Inventions
 Completed aim 3.
 Determined that AEDs do not prevent acute lung injury in 

extreme HBO2. 
 Identified a potential sensitive biomarker of HBO2 brain injury 

that is easily measured in the blood with a commercially 
available assay kit. 

FY23 Goals
 Measure gender differences in GABA metabolism and 

repeated HBO2 sensitivity.
 Measure time course of repeated HBO2 oxidative tissue injury.
 Increase sample size of serum S100B and examine if this can 

be used as a recovery marker.

Naval Application: Increased exposure depth and time for
military divers, patients receiving HBO2, and safe evacuation of
crewmembers in a DISSUB.

Serum S100B, a potential marked for assessing acute brain injury in HBO2. 
TGB, tiagabine.
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Abstract 
BAA Number: N00014-20-S-B001 
Technical Contact (PI):  
*Abstract Approved for Public Release 
Where is the gas? A new method to study nitrogen during diving and decompression 
A century of study has not been able to identify the causal mechanism of decompression 
sickness (DCS). We propose a new quantitative method to study Nitrogen gas (N2) in 
mammals. Decompression sickness is currently hypothesized to be caused by bubble 
formation in tissues. However, due to the lack of direct methods to track tissue gas, the field 
has used indirect methods such as ultrasound of venous gas emboli (VGE) in the heart and 
mathematical modelling based on empirical testing in human divers. Current methods to 
predict DCS are based on statistical probability with relative risk factors such as depth and 
duration. It has not yet been possible to determine the causal mechanisms and explain the 
intra- and interindividual variability present in DCS, suggesting that a direct method to map 
tissue gas distribution is a priority, as it has the potential to refine risk assessment and 
contribute to optimizing diving profiles. 
We will use a radioactive, positron-emitting isotope of Nitrogen (13N2) that can be breathed in 
a hyperbaric chamber and monitored in time and space using positron-emission tomography 
(PET) combined with magnetic resonance imaging (MRI). With 13N2, we can 
quantitatively measure the Nitrogen distribution in the body. 13N2 has previously been 
produced and used in normobaric experiments with human volunteers, and a hyperbaric 
chamber can be constructed to inhale the gas during compression (simulated diving), 
widening applicability to hyperbaric breathing. We hypothesize that tissue gas bubbles will 
create bright spots while gas in solution will generate a signal equivalent to that tissue’s 
saturation with Nitrogen. This new method would allow to answer the gas localization 
question, and address the impact of preconditioning on the amount of venous gas emboli after 
decompression. This approach will open a window to study basic mechanisms and impact 
of interventions related to DCS in both animals and humans. 
Specific aim 1: To develop a method for inhaling 13N2 under pressure and imaging gas 
distribution in a live animal. This will allow direct tracking of Nitrogen gas throughout the 
body, which is key to mechanistically explain decompression sickness under different 
conditions. We will produce and purify the 13N2 radioactive gas, including compression 
and delivery into a pressure chamber, prior to PET and MR imaging. A chamber able to 
compress rodents within the PET and MRI will be developed and built. This experiment will 
establish the proof of concept that we can track gas related to compression-decompression 
in a rodent model. 
Specific aim 2: Quantitative measurements of Nitrogen gas uptake and distribution 
during compression and excretion during and after decompression in rodents. 
The dive profile (duration, pressure) will alter the tissue uptake of gas. Moreover, it has been 
shown that preconditioning significantly reduces VGE and reduces mortality by up to 50%. 
Using exercise as a preconditioning intervention, we will test the hypothesis that 
preconditioning reduces the total nitrogen uptake in rodents. We will also identify changes 
in nitrogen storage, spatial distribution, and uptake and excretion temporal dynamics. 
Specific aim 3: Scaling the method to enable large animals. The method developed for 
rodents will be scaled to enable large animal experiments (e.g. sheep) breathing 13N2 under 
pressure followed by imaging in a PET/MRI. The expected outcome is imaging data on 
signal intensity and gas distribution that can be used to predict risk and optimize doses for 
planning human experiments. 
The proposed studies will establish a new rat model (and technical preparation for large 

(b) (6)(b) (6)(b) (6)



animals and humans) that will enable quantitative measurements of Nitrogen gas in vivo 
during compression-decompression thus providing insight into tissue gas distribution and 
mechanisms of bubble generation during decompression. This technique will provide a 
valuable new tool for testing and selecting optimal interventions to prevent DCS, and 
optimize operational diving. 
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***NOTE:  BUMED will ONLY review protocols that have been approved by your IACUC.*** 
**Animal work MAY NOT be initiated until the awardee receives BUMED approval.** 
*Animal work initiated without BUMED approval is noncompliant and may not be funded.* 
 
Institutions using DoD funds to support the use of animals in research, product development, testing 
and education projects must provide electronic copies of the following documents to the Department of 
the Navy (DON) Bureau of Medicine and Surgery (BUMED) Veterinary Affairs Office for review and 
approval prior to initiation: 
 

a.  A copy of their IACUC-approved institutional protocol(s) (BUMED will ONLY review 
approved protocols) and documentation of IACUC approval 
 

b. A copy of all existing IACUC-approved protocol amendments or modifications and 
documentation of IACUC approval (future modifications or amendments must be reviewed 
and approved by BUMED PRIOR to implementation) 

 
c. A completed Appendix for each IACUC-approved protocol. 

 
This requirement also applies to all subcontractors using animals in support of DoD-funded projects or 
programs.   
 
Specific information requested in the following animal use Appendix is derived from requirements in the 
Animal Welfare Regulations (AWRs), the Guide for the Care and Use of Laboratory Animals, and other 
applicable Federal and DoD regulations.  The DoD policies and requirements for the use of animals in 
DoD-supported research, development, testing and evaluation are described in DoD Instruction 
3216.01, dated September 13, 2010 and SECNAVINST 3900.38C, The Care and Use of Laboratory 
Animals in DOD Programs, dated February 16, 2005.  These requirements differ from those of other 
funding agencies.  Use of the Appendix is intended to meet the requirements of these documents. 
 
Questions concerning animal use and review should be directed to BUMED Veterinary Affairs: 
 
Phone:   
Email:  DON – VRPP,  
Mail:  Department of the Navy Bureau of Medicine and Surgery 
   ATTN:  Director for Veterinary Affairs 
   Bldg 1564 Room 122 

1564 Freedman Drive 
Fort Detrick, MD 21702 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Each section of this Appendix must be completed.  To assist you in completing this appendix, instructions and 
explanations are provided as hidden, red and italicized text.  To view the instructions and/or examples for each 
section, select the “Show/Hide ¶” button on your tool bar (the button itself appears as the ¶ symbol).  To print the 
hidden text, select “Print Hidden Text” in the print options section.  It is important that you carefully read the 
instructions for each paragraph to ensure you provide a comprehensive response.  Begin typing responses after 
the colon (“:”) for each section to ensure your typing is not within the hidden text. Submit electronic copies of the 
appendix only; please do not submit printed copies to BUMED. Any section of the Appendix that is not applicable 
to your proposal, e.g., no surgery or no prolonged restraint, should be marked “No” or “N/A”.  There are no space 
limitations for the responses.  
 
It is essential that only animal studies or procedures documented in an IACUC–approved protocol or amendment 
be performed at your facility.  BUMED will collect animal usage information for end-of-year DoD animal use 
reports separate from the grant annual progress reporting requirement throughout the life of your award.  For this 
reason, Principal Investigators or other delegated research personnel should keep accurate records and be able 
to provide an audit trail of all animal use that correlates to their approved protocol.   
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• Column E: List the number of animals that will experience more than momentary or slight pain or distress 
that WILL NOT be alleviated or relieved with anesthetics or analgesics.  If any animals are listed in 
USDA Column E (Unalleviated Pain or Distress), the PI must provide a scientifically valid 
justification for withholding pain relieving medication:.  . 

 
 
3.  Literature Search for Unnecessary Duplication:  This search is required for all animal use 
proposals.  Note the DoD-specific database requirements in subparagraph a. 
 
 a. Literature Source(s) Searched:   

http://www.ntis.gov/products/fedrip.aspxhttp://projectreporter.nih.gov/reporter.cfm  
Federal Research in Progress (FEDRIP)  http://www.ntis.gov/products/fedrip.aspx 
  

or 
 
Research Portfolio Online Reporting Tool Expenditures and Results (RePORTER) 
http://projectreporter.nih.gov/reporter.cfm 

 
 
 b. Date of Search:   
 
 c. Years Covered By Search:   
1987-2021 
 
 d. Key Words and/or Search Strategy:   
Alternatives to hyperbaric oxygen seizures; alternatives to animal models of hyperbaric oxygen seizures 
 
 e. Results of Search:   
For “alternatives to hyperbaric oxygen seizures,” 6 citations were found using PubMed and 4 citations 
were found using Web of Science. The projects varied in scope and are not related to this research. For 
“alternatives to animal models of hyperbaric oxygen seizures,” no matches were identified. 
 
****Questions 4-10 refer to the Research Site and Protocol Principal Investigator.**** 
Information and/or documents required in questions 4-8 should be obtained from the research site’s 
IACUC or veterinary staff.  Documents may be provided directly to BUMED by the Protocol Principal 
Investigator (PI) or institution staffs.  If the Protocol PI prefers that BUMED staff contact the institution to 
obtain this information and/or documents, the PI must specifically request this action in writing.  The 
Protocol PI should contact BUMED (see contact information on cover page) to arrange for submission 
of this written request. 
 
4.  Institutional Animal Care and Use Committee(s) (IACUC) Approval(s):   
 
Institutional Animal Use Protocol Number:  A224-21-11 
 
IACUC (initial) approval 
date: 

Nov 19, 2021 Protocol expiration 
(rewrite) date: 

Oct 31, 2024 

 
5.  Veterinary Care:  Provide a brief description of the veterinary care plan at the research site.  
Describe routine care; weekend, holiday, and emergency care; and identify whether the attending 
veterinarian is on staff full-time or by contract. 
 
While Duke employs multiple veterinarians, the management of veterinary medicine, animal care, and 
facility operations is retained by the Director, Division of Laboratory Animal Resources. Duke accepts 
the American College of Laboratory Animal Medicine’s (ACLAM) “Guidelines for Adequate Veterinary 
Care” (ACLAM 1996) as a core reference document. These guidelines include expectations for 

 

X 
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veterinary access to all animals and their medical records, regular veterinary visits to facilities where 
animals are or may be housed or used, provisions for appropriate and competent clinical, preventive, 
and emergency veterinary care, and a system for legal animal procurement and transportation. The 
Division of Laboratory Animal Resources (DLAR) provides husbandry and veterinary care to centralized 
vivarium operations; husbandry to select satellite facilities, and veterinary care to all satellite and PI-
managed facilities. DLAR has a total of six full-time veterinarians, all are 100% FTE. Duke requires that 
emergency, weekend, and holiday care of animals is performed by qualified personnel. Emergency 
veterinary care is available after work hours, on weekends, and on holidays. In the event of an 
emergency, institutional security personnel and fire or police officials are able to reach people 
responsible for the animals. Notification is enhanced by prominently posting emergency procedures, 
names, or telephone numbers in animal facilities and by placing them in the security department or 
telephone center. Emergency procedures for handling special facilities or operations are prominently 
posted and personnel trained in emergency procedures for these areas. Specifically, DLAR regular 
animal care staff provide weekend and holiday care in core vivaria, while certified PI staff provide 
weekend and holiday care in PI-Managed vivaria. Duties covered on weekends and holidays include:  
• Mortality-morbidity check  
• Food and water check  
• Change caging when excessively soiled or wet  
• Environment check in all animal rooms  
• Medical treatments as prescribed  
 
A Veterinarian and Veterinary Technician (VT) are on call for weekend and holiday coverage. They are 
responsible for all scheduled treatment procedures during this period along with the VT. The VT 
performs most scheduled rodent treatments. Key personnel (Veterinarian, Veterinary Technician and 
Supervisor of Operations Manager) communicate during weekend and holiday periods via pagers and 
cell phones. A disaster plan that takes into account both personnel and animals has been prepared as 
part of the overall safety plan for the animal facility. The colony manager or veterinarian responsible for 
the animals is a member of the appropriate safety committee at Duke, an “official responder” in the 
institution, and a participant in the response to a disaster. Duke’s disaster plan (DP) covers acts of 
nature, terrorism, and other catastrophic events. The DP has been developed within Duke and 
approved by the IO and senior management. The plan takes into account both personnel and animals 
as part of the overall safety plan for the animal facility. The Director, DLAR is a member of the safety 
committee, an “official responder” at Duke, and a participant in the response to a disaster. As part of  
this plan, the Duke police have been involved in the planning and review of the disaster plan. 
 
6. Institutional Accreditation / Assurances:   
 
 a. Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC) 
Accreditation (do NOT provide AAALAC correspondence):   

 

X 
 
Yes 

 

 
 
No 

 
Animal work is being performed at an AAALAC International-accredited facility. 

 
 
 b. Public Health Service Animal Welfare Assurance Statement:  

 

X 
 
Yes 

 

 
 
No 

 
Animal work is being performed at a PHS-assured facility. 

 
 
 c. Non-accredited, Unassured Facilities:  If neither 6.a. nor 6.b. above apply to the facility where 
animal work is being performed, submit a statement signed by the Institutional Official that states the 
care and use of animals will be conducted in accordance with the National Research Council’s Guide 
for the Care and Use of Laboratory Animals and applicable Federal and DoD regulations. 
 
7. Animal Procurement: 
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Yes 

 

X 
 
No 

If the protocol involves Animal Welfare Act-regulated species, are the animals 
obtained legally from suppliers licensed by the USDA?  If the supplier claims 
exemption from USDA licensing, provide confirmation from the research site’s 
IACUC that the exemption criteria have been met.  If work is conducted outside the 
US, have animals been obtained legally in accordance with national policy?  If 
wildlife are used, provide IACUC assurance that animals have been obtained 
legally and provide copies of applicable state, federal and/or international capture 
and use permits. 
 
 

 
8.  Overseas / Foreign Country Animal Work:   

 

 
 
Yes 

 

X 
 
No 

 
Animal work will be performed outside the United States. 

 
If “Yes,” answer the following questions.  
 

a. What is the law or regulation governing the use of animals in research in the research site’s 
host country?  Please provide a copy or link to this law or regulation in English. 
 

b. Does the research site’s host country adhere to European Union (EU) Directive 86/609 or 
EU Directive 2010/63 standards of animal housing and care? 
 

c. If the research site is in Canada, does the institution hold a Canadian Council on Animal 
Care (CCAC) certificate? 
 

d. Does the research site adhere to any national or international standards of animal housing 
and care that are more stringent than the host country’s laws or regulations (such as 
AAALAC or CCAC)?  If so, please describe below or provide a document, in English, that 
describes these standards. 
 

e. Does the research site’s host country or local institute require a local ethical committee 
review or Animal Care and Use Committee review?  If so, please describe below or provide 
a document, in English, describing the committee’s membership, purpose, authority and 
function. 

 
9.  Site Visits 
 
 Yes X No Does animal work involve at least one of the following species:  dogs, cats, 

nonhuman primates, marine mammals?  If yes, provide a planned start date 
for work in these species and point of contact for site visit coordination.  
Based on accreditation status, species used, and type of research 
conducted, a site visit to the performance site may be required. 
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10.  Protocol Principal Investigator Assurances:   
 
The law specifically requires several written assurances from the P.I.  Please read and sign the 
assurances as indicated (this page may be photocopied and signed). 
 
 As the Principal Investigator on this protocol, I acknowledge my responsibilities and provide 
assurances for the following: 
 
 A.  Painful Procedures:  I assure that discomfort and injury to animals will be limited to that which is 
unavoidable in the conduct of scientifically valuable research and that analgesic, anesthetic, and/or 
tranquilizing drugs will be used where indicated and appropriate to minimize pain and/or distress to 
animals. 
 
 B.  Animal Use:  The animals authorized for use in this protocol will be used only in the activities 
and in the manner described herein, unless a modification is specifically approved by the IACUC and 
the DoD Department of the Navy Bureau of Medicine and Surgery (BUMED) Veterinary Affairs Office 
prior to its implementation. 
 
 C.  Duplication of Effort:  I have made a reasonable, good faith effort to ensure that this protocol is 
not an unnecessary duplication of previous experiments. 
 
 D.  Statistical Assurance:  I assure that I have consulted with a qualified individual who evaluated 
the experimental design with respect to the statistical analysis, and that the minimum number of 
animals needed for scientific validity will be used. 
 
 E.  Training:  I verify that the personnel performing the animal procedures/manipulations/ 
observations described in this protocol are technically competent and have been properly trained to 
ensure that no unnecessary pain or distress will be caused to the animals as a result of the 
procedures/manipulations. 
 
 F.  Responsibility:  I acknowledge the inherent moral, ethical and administrative obligations 
associated with the performance of this animal use protocol, and I assure that all individuals associated 
with this project will demonstrate a concern for the health, comfort, welfare, and well-being of the 
research animals.  Additionally, I pledge to implement animal use alternatives where feasible, and 
conduct humane and lawful research. 
 
 G.  Scientific Review:  This proposed animal use protocol has received appropriate peer scientific 
review, and is consistent with good scientific resear
Heath G. Gasier  

(Protocol Principal Investigator Printed Name)  (Protocol Principal Investigator Signature and Date) 
 
NOTE:  In accordance with SECNAVINST 3900.38C, the DON BUMED Veterinary Affairs Officer (or 
designee thereof) will conduct a site visit to all sites using nonhuman primates, dogs, cats or marine 
mammals in the proposal, or where a site visit is deemed warranted. 
 

March 18, 2022(b) (6)(b) (6)



Duke University 
Institutional Animal Care and Use Committee 

Approval Letter 
 

Office of Animal Welfare Assurance                                                                                                                                                                                                     Voice:  

Campus Mail:          Fax:  
US Mail:                                                                                                                                                         https://dacup.duke.edu/ 

 

The Duke University Animal Care & Use Program is committed to advancing healthcare for humans and animals  

through compassionate care and progressive animal use. 

November 19, 2021 
 
RE: Protocol Registry Number A224-21-11; Protocol Title The Role of GABA in Susceptibility to Oxygen Toxicity with Repeated HBO2 
Exposure 
 
Dear Dr. Heath Gasier,  
 
On November 18, 2021 the Duke Institutional Animal Care and Use Committee (IACUC) reviewed and approved the above 
referenced protocol.   
 
The terms of this approval are as follows: 
- Approval Period:  This protocol is approved through October 31, 2024 unless otherwise terminated. If this protocol will continue 

beyond this approval period, the Duke IACUC will require a complete review by Full Committee Review or Designated Member 
Review and approval prior reaching the expiration date indicated.  

- Continuing Review(s): Annual IACUC reviews will be performed if this protocol meets specific criteria that requires an annual 
review by the Duke IACUC or upon request. In addition, the IACUC can re-review any/all components of this protocol at any time. 
Reference: Protocol Management (New Protocols, Amendments, and Continuing Review). 

- Principal Investigator Responsibilities:  Use of animals must be in accordance with all applicable federal, funding, local, and 
institutional regulatory and oversight requirements. This includes but is not l imited to the Animal Welfare Act/Regulations, Public 
Health Services Policy on Humane Care and Use of Laboratory Animals, the Guide for the Care and Use of Laboratory Animals, the 
NIH Grants Policy Statement, VHA Handbook, the DOD Animal Care and Use Review Office requirements, AAALAC International, 
and Duke Animal Use Policies and SOPs.  Please note, certain granting agencies (e.g. Department of Defense) also require their 
review and approval of the original protocol and any amendments prior to performing the animal work. 

- Approved Number of Animals:  You are responsible for using the minimum number of animals required to obtain valid results. 
You are required to track and document animal use by utilizing the processes established by the Duke Animal Care and Use 
Program. Reference: Animal Number Justification and Tracking and associated SOP(s).  

- Protocol Personnel:  All personnel working with animals under this protocol must be appropriately qualified and experienced to 
perform their role in the animal activity. Reference: Training and Continuing Education for Animal Researchers and Care Staff.  

- Exemptions or departures: IACUC approved exceptions, exemptions, and/or departures to animal welfare standards must only be 
performed as described in the approved IACUC protocol. 

- Modifications/Amendments:  Animal activities can only be performed as described in the approved IACUC protocol. New animal 
activities or other protocol modifications cannot be initiated until final IACUC approval is obtained (e.g., amendment).  

- Reporting requirement: All unforeseen, adverse, non-compliant, and animal welfare concerns/events should be reported as 
outlined in the policy IACUC Notifications.   

- Post-approval monitoring: Post-approval monitoring is required for all IACUC approved animal activities at Duke. More 
information on post-approval monitoring can be found in the policy Post-approval Monitoring.  

 

Visit the animal program website for links to all the resources indicated, updates, and additional information 
(https://dacup.duke.edu/).  For questions please contact the Duke Office of Animal Welfare Assurance ; 

 
 
Please do not hesitate to contact us if there is anything that we can do to facilitate your research. 
 
Sincerely, 

 

(b) (6)(b) (6)(b) (6)
(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)

(b) (6)(b) (6)
(b) (6)(b) (6)

(b) (6)(b) (6)
(b) (6)(b) (6)(b) (6)

(b) (6)

(b) (6)(b) (6)
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mice are produced through constitutive knockin of mCherry-GFP-FIS1(101-152) in the mouse Rosa26 locus of C57BL/6 
background. These mice will be created by the  over 6-7-months. Chimeras will be 
transferred to the DLAR Breeding Core (A027-21-02 Cleveland) to cross the mice with a Flp-deleter line. Once Frt deletion is 
confirmed, homozygous mito-QC mice will be bred over 6-12-months and transferred in batches to the  

. The dive profiles and treatment will be the same as in experiment 1, and n = 96 will complete each dive profile. 
Forty-eight mice will serve as controls and breathe room air. Mice will be pre-treated (IP injection) 30 min before each HBO2 
exposure with TGB (9.4 mg/kg, n = 168) or vehicle (0.9% NaCl, n = 168). Conscious mice are continuously observed during 
HBO2 for neuromotor convulsions, marking seizure onset.  
Category C: 48 
Category E: 288 
 
Experiment 3: To determine in C57BL/6 mice if GABA impairs running performance after HBO2. Male (n = 32) and female (n = 
32) C57BL/6J mice ( ) aged 8-12 weeks old will be used in experiment 3. Mice will be habituated to a 
motorized rodent treadmill (Columbus Instruments) before completing a maximal aerobic capacity (VȮ2max) test. The treadmill 
will be located in . The treadmill contains a shock grid at the back of the running lane. The shock stimulus 
will be 0.2 mA, 200 ms pulses, 1 Hz. Habituation will consist of four 10-min running sessions at 0, 3, 6 and 9 meters per min. 
The treadmill grade will be held at 0 degrees. The VȮ2max protocol will consist of a starting speed of 10 meters per min for 3 
min, and then increased by 0.05 meters per sec (3 meters per min). The treadmill grade will be held at 0 degrees. The test will 
be terminated when the mice are unable to maintain the running speed and are in contact with the electrical grid for 5 
consecutive seconds. The modular system contains a fan that provides continuous flow during the running test. At the end of the 
VȮ2max test, blood lactate will be measured from a small quantity of blood (< 0.010 ml) collected from the tail vein. Mice will be 
be exposed to air (n = 32) or HBO2 at 3 ATA (n = 32) for 60 min. Mice will be pre-treated (IP injection) 30 min before each air or 
HBO2 exposure with TGB (9.4 mg/kg, n = 16) or vehicle (0.9% NaCl, n = 16). Mice will complete a second VȮ2max test after 
the exposure.  
Category D: 64
Describe the anticipated sequence of experimental events (timeline) such as breeding, preparation of animals, surgery, testing 
procedures, collection of tissues, euthanasia, etc.:
All mice will be housed at  and .  
 
Experiment 1: Mice will be brought to  the day before the experiment.  
     Dive profile 1: On experimental days, mice will receive an IP injection of TGB or vehicle, be exposed to HBO2 at 5 ATA in 
individual chambers for 60 min and monitored for signs of toxicity. After exposure to HBO2, they will be removed from the 
hyperbaric chamber and quickly euthanized by inhalation of isoflurane.  
     Dive profile 2: On experimental days, mice will receive an IP injection of TGB or vehicle, be exposed to HBO2 at 5 ATA in 
individual chambers for 60 min and monitored for signs of toxicity. After exposure to HBO2, they will be placed back in their 
cages housed in room . Forty-eight hours later, mice will receive an IP injection of TGB or vehicle, and be exposed to 
HBO2 at 5 ATA in individual chambers for 60 min and monitored for signs of toxicity. After exposure to HBO2, they will be 
removed from the hyperbaric chamber and quickly euthanized by inhalation of isoflurane.  
     Dive profile 3: On experimental days, mice will receive an IP injection of TGB or vehicle, be exposed to HBO2 at 5 ATA in 
individual chambers for 60 min and monitored for signs of toxicity. After exposure to HBO2, they will be placed back in their 
cages housed in room . Seventy-two hours later, mice will receive an IP injection of TGB or vehicle, and be exposed to 
HBO2 at 5 ATA in individual chambers for 60 min and monitored for signs of toxicity. After exposure to HBO2, they will be 
removed from the hyperbaric chamber and quickly euthanized by inhalation of isoflurane.   
 
Experiment 2: Once the transgenic mito-QC mice are generated, bred, and transferred to GSRBII, they will be be brought to 
CRII the day before the experiment. The mice will undergo the same dive profiles described in experiment 1. After the final 
HBO2 exposure, mice will be placed back in their cages housed in room . Mice will be quickly euthanized by inhalation of 
isoflurane 24- (n = 16, 48- (n = 16) and 72-hours (n = 16) later. 
 
Experiment 3: Mice will be brought to CRII the day before the experiment. Mice will be familiarized to the rodent treadmill and 
perform a baseline VȮ2max test over one week. On a different day, mice will receive an IP injection of TGB or vehicle and be 
exposed to air or HBO2 at 3 ATA. After exposure, the mice will complete a second VȮ2max test. Blood will be collected from the 
tail vein after VȮ2max testing. After the second VȮ2max test and blood collection, mice will be be quickly euthanized by 
inhalation of isoflurane. 

B11.  USE OF ANIMALS FOR PERSONNEL TRAINING
Is personnel training the primary purpose of this protocol?

(b) (6)(b) (6)
(b) (6)

(b) (6)(b) (6)

(b) (6)(b) (6)(b) (6)(b) (6) (b) (6)(b) (6)(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)

(b) (6)(b) (6)
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Duke University Medical Center 

 

 
 
 
 

From: Dr Heath Gasier, Ph.D.    
Sent: Tuesday, October 26, 2021 3:53 PM 
To: Duke IACUC   
Subject: Renewal_  
 
This submission is for the upcoming renewal (1/22) for  , PI Heath G. Gasier, formerly   
 
vr 
 
Heath 
 

Heath G. Gasier, PhD, RD 
Assistant Professor in Anesthesiology 
Center for Hyperbaric Medicine & Environmental Physiology 
Duke University School of Medicine 

 

(b) (6)(b) (6)(b) (6)
(b) (4)

(b) (4) (b) (6)(b) (6)

(b) (6)

(b) (6)

(b) (6)
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From:
Sent: Wednesday, October 27, 2021 2:50 PM
To:
Cc: Dr Heath Gasier, Ph.D.; 
Subject: RE: Facility Review of New Protocol Submission

Thank you,  

This resolves my concern.  Protocol  is now cleared for facilities. 

 

From:    
Sent: Wednesday, October 27, 2021 2:45 PM 
To:   
Subject: RE: Facility Review of New Protocol Submission:   

 

That is correct. 

Thanks, 
 

From:    
Sent: Wednesday, October 27, 2021 2:43 PM 
To: Dr Heath Gasier, Ph.D.   
Cc:   Duke IACUC   
Subject: Facility Review of New Protocol Submission:   

Good afternoon Dr. Gasier, 

I am performing a facility review of your recently submitted protocol and have just one clarification: 
 Section I includes the  .  In my latest inspection, I noted the tag # changed

to    Please confirm this tag number is correct.

I have no concerns with your Section T; your PI‐managed housing SOP will be updated to reflect the new protocol 
number. 

Thank you, 
 

 
Compliance Liaison 
Office of Animal Welfare Assurance 
Duke University 

(b) (6)
(b) (6)

(b) (6)
(b) (6)

(b) (4)

(b) (6)
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(b) (6)(b) (6)(b) (6)(b) (6)
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(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)
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Revised 2/2012 Please email questions/documentation to  or call 

Duke University Institutional Animal Care and Use Committee (DUIACUC) 
Occupational and Environmental Safety Office Hazardous Agent Review

PI: Heath G. Gasier

Project: The Role of GABA in Susceptibility to Oxygen Toxicity with Repeated HBO2 Exposure

Housing Location:       REG#:

Dept/Div:    Date Received: 11/09/2021

OAWA Contact:

Biological Agents BSL2 BSL3BSL1Cleared For:

Conditional

Transgenic/KO  Micro-Organisms   rDNA/IBC/IRE
Human MaterialBiological Toxins

Comments:
NIH exempt breeding: mCherry-GFP-FIS1(101-152) in the mouse Rosa26 locus of C57BL/6 
background.

Reviewed by: Date: 11/09/2021

Chemical Agents Cleared 

Conditional

Hazardous Chemicals  Hazardous Drugs  

Fixed Tissue   

Comments:
 
Isoflurane in a bell jar on 4x4 gauze below a raised platform to separate mice for contact with the isoflurane. 
[CAS: 26675-46-7] GHS Lookup Tool. STOT-Repeated Exposure, Category 2. Narcotic Effects, Category 3. Hazardous. must be used with an effective mechanism 
of waste gas scavenging (see The Safe Use of Anesthetic Gases  policy found on the Duke Animal Care and Use Program Policies webpage). https://dacup.duke.
edu/safe-use-anesthetic-gases (login required). Follow safety guidelines for applicable hazards when using. If using a charcoal canister for scavenging, this 
must be submitted as chemical waste through OESO, not disposed in the trash. No special animal handling precautions. 
 
 
Tiagabine (TGB, Gabitril)[145821-59-6]:  
Not a hazardous substance or mixture (Sigma SML0035 SDS). 
 
 
 
 

Reviewed by: Date: 11/09/2021

Radiation Sources Cleared 

Conditional

Isotopes  

Irradiator

X-Ray   

Laser   

Comments:

Reviewed by: Date:

Lab Audit Cleared 

Conditional
Next Audit Due: 12/17/2021

Comments:

Reviewed by: Date: 12/17/2020

(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)

(b) (4) (b) (6) (b) (6)

(b) (6)

(b) (6)(b) (6)(b) (6)(b) (6)

(b) (6)

(b) (6)(b) (6)(b) (6)









 
Please DO NOT amend your application for animal use, unless specifically requested to do so. 
Submission of an amended protocol at this stage of the process may impede the overall review, since 
it will require a complete re-review and may delay approval.  
 
Thank you for your time and effort in this regard. We appreciate your partnering with us to secure a 
complete review package for the IACUC’s consideration. Our goal is a more rapid approval process 
for your research laboratory, while assuring institutional regulatory compliance, as dictated by the 
Animal Welfare Act and the Public Health Service (NIH) policy. 
 
Best Wishes, 
 
   
  Division of Laboratory Animal Resources 
  Duke University Medical Center 
 

(b) (6)





2

You should reply within the attached document, unless otherwise requested, and send this back 
to me. 
If you could have responses back by November 16, 2021, this will help facilitate review and approval 
of your protocol at the upcoming IACUC meeting.   
 
Please let me know if there are any questions. 
 
Thank you, 

 
 
 

 
Division of Laboratory Animal Resources 
Duke University Medical Center 
Office:    
 

(b) (6)

(b) (6)

(b) (6)





CONCERN RESOLVED 
 
CONCERN NUMBER 5. NARRATIVE OF NON-SURGICAL PROCEDURES (M1) 
Please provide the method of restraint used for the tail vein blood collection procedures. 
Response: This will be a two person procedure. One person will restrain the mouse by placing their 
thumb and index finger on the dorsal neck and grasp the skin with one hand and extend the lower 
extremities with the other. The animal will be on a flat surface. The other person will collect the blood 
from the tail. This procedure generally takes 5-15 seconds. 
 
CONCERN RESOLVED 
 
CONCERN NUMBER 6. MONITORING AND HUMANE ENDPOINTS (M12) 
This section describes daily monitoring for 3 days post HBO2, but the protocol application describes 
studies where animals will be housed for more than 3 days post HBO2 exposure.  Please clarify how 
animals are monitored for the entire duration that they are housed under the protocol, which is until 
euthanasia. 
How often are animals that undergo multiple HBO2 exposures monitored between exposures? 
Response: Animals will be monitored twice daily (morning and late afternoon).  
  
CONCERN RESOLVED 
 
CONCERN NUMBER 7. MONITORING AND HUMANE ENDPOINTS (M12) 
Please confirm that animals are monitored continuously during the time that seizures are anticipated. 
Response: Mice are monitored from the time they enter the chamber until the time they are removed, 
encompassing the entire compression, HBO2 exposure, and decompression periods. 
 
CONCERN RESOLVED 
 
While these are the only clarifications requested from the veterinary review, the IACUC Primary 
Reviewer may contact you for additional clarifications. Please respond as quickly as possible within 
this document with your clarifications of the concerns identified in this document. 
 
Please DO NOT amend your application for animal use, unless specifically requested to do so. 
Submission of an amended protocol at this stage of the process may impede the overall review, since 
it will require a complete re-review and may delay approval.  
 
Thank you for your time and effort in this regard. We appreciate your partnering with us to secure a 
complete review package for the IACUC’s consideration. Our goal is a more rapid approval process 
for your research laboratory, while assuring institutional regulatory compliance, as dictated by the 
Animal Welfare Act and the Public Health Service (NIH) policy. 
 
Best Wishes, 
 
   
  Division of Laboratory Animal Resources 
  Duke University Medical Center 
 

(b) (6)







  
 
 United States Department of Agriculture Customer:  
 Animal and Plant Health Inspection Service Inspection Date: 26-Jul-2021 
 

Species Inspected 
 

Cust No Cert No Site Site Name Inspection 
001 DUKE UNIVERSITY 26-JUL-2021 

 

Page 1 of 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) (4)
(b) (4)

(b) (4)(b) (4)(b) (4)(b) (4)

(b) (4)





DEPARTMENT OF THE NAVY 
BUREAU OF MEDICINE AND SURGERY 

  7700 ARLINGTON BOULEVARD 
FALLS CHURCH VIRGINIA 22042 

 
                                                                                                              IN REPLY REFER TO 

  3900 
            Ser 22UM24RPV0018 

18 April 2022 
 
From: Chief, Bureau of Medicine and Surgery 
To: Dr. Thom, Stephen University of Maryland School of Medicine 
Via:    Chief, Office of
 

1287 Neuroinflammation and glymphatic 
dysfunction in decompression sickness 
 
Ref: (a) DoD Instruction 3216.01 "Use of Animals in DOD Programs" 20 Mar 19 

 (b) SECNAVINST 3900.38C "The Care and Use of Laboratory Animals in DOD          
        Programs" 16 Feb 05 

  
1.  In accordance with references (a) through (c), protocol (0222008) University of Maryland 

on and glymphatic dysfunction in decompression 
Veterinary Affairs and will remain so until 

significant modification, cancellation, or expiration. 

2.  Navy animal use research database number NRD - 1287 has been assigned to this protocol.  
Please reference this number on all future correspondence.  

3.  Documentation of the following actions must be forwarded to the Director, Veterinary Affairs 
for review and approval as indicated below: 
 
 a. Modifications approved by your IACUC must be reviewed and approved prior to 
implementation.  
 b. Verification of continuing reviews conducted by your IACUC. 
 c. Copies of USDA annual inspection reports. 
 d. Any regulatory non-compliance evaluation of the animal facility or program by USDA that 
results in an investigation must be reported within 5 business days.  
 e. Any change in status with AAALAC, International (gain, loss, or change in category of 
accreditation); accreditation loss must be reported within 5 business days. 
 f. Reports to OLAW involving any serious or continuing noncompliance with the PHS Policy, 
any serious deviation from the pr Care and Use of Laboratory 

liance of the activity by the IACUC.  
 g. Any adverse events, particularly with respect to animal welfare or regulatory compliance or 
any noncompliance that might impact DoD continued support of the activity.  
 h. Once the project is completed or if suspended or prematurely terminated for any reason. 

4.  Throughout the life of the award, the awardee is required to submit animal usage data for 
inclusion in the DOD Annual Report on Animal Use.  Please ensure that the following animal 
usage information is maintained for submission:  

 





DEPARTMENT OF THE NAVY
BUREAU OF MEDICINE AND SURGERY

7700 ARLINGTON BOULEVARD
FALLS CHURCH VIRGINIA 22042

                                                                                                                     IN REPLY REFER TO

3900
Ser 20UM24RPV0008
13 February 2020

From: Chief, Bureau of Medicine and Surgery
To:
Via: Chief, Office of Naval Research (Code–34)

Subj: APPROVAL OF PROTOCOL NRD - 1208

Ref: (a) DoD Instruction 3216.01 "Use of Animals in DOD Programs" 20 September 2019
(b) SECNAVINST 3900.38C "The Care and Use of Laboratory Animals in DOD         

Programs" 18 June 2019
(c) Animal Welfare Regulations (CFR Title 9, Chapter 1, Subchapter A, Parts 1 – 3)

1. In accordance with references (a) through (c), protocols from the University of 
South Florida entitled “Mitigation of CNS oxygen toxicity: mitochondria-targeted antioxidant 
therapy and aquaporin gas channel” is granted approval by the Director, Veterinary Affairs and 
will remain so until significant modification, cancellation, or expiration.

2. Navy animal use research database number NRD - 1208 has been assigned to this protocol.  
Please reference this number on all future correspondence.

3.  Documentation of the following actions must be forwarded to the Director, Veterinary Affairs 
for review and approval as indicated below:

a. Modifications approved by your IACUC must be reviewed and approved prior to 
implementation.

b. Verification of continuing reviews conducted by your IACUC.
c. Copies of USDA annual inspection reports.
d. Any regulatory non-compliance evaluation of the animal facility or program by USDA that 

results in an investigation must be reported within 5 business days.
e. Any change in status with AAALAC, International (gain, loss, or change in category of 

accreditation); accreditation loss must be reported within 5 business days.
f. Reports to OLAW involving any serious or continuing noncompliance with the PHS Policy, 

any serious deviation from the provisions of the “Guide for the Care and Use of Laboratory 
Animals”, or any suspension of the activity by the IACUC.

g. Any adverse events, particularly with respect to animal welfare or regulatory compliance that 
might impact DoD continued support of the activity.

h. Once the project is completed or if suspended or prematurely terminated for any reason.

4.  Throughout the life of the award, the awardee is required to submit animal usage data for 
inclusion in the DOD Annual Report on Animal Use.  Please ensure that the following animal 
usage information is maintained for submission: 

(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)

(b) (4)
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a. Species used (must be approved by this office)
b. Number of each species used
c. USDA Pain Category for all animals used

5.  Do not construe this correspondence as approval for any contract funding. Only the 
Contracting Officer or Grant Officer can authorize expenditure of funds.  It is recommended that 
you contact the appropriate Contract Specialist or Contracting Officer regarding the expenditure 
of funds for your project.

6. For further assistance, please contact  at 
or via email: l . You may also contact  

 at  or via email at .

By direction

Copy:
ONR: 
UOSF: 

Digitally signed by 

 
Date: 2020.02.13 14:00:45 -05'00'

(b) (6)(b) (6)
(b) (6)

(b) (6) (b) (6)
(b) (6) (b) (6)

(b) (6) (b) (6)

(b) (6) (b) (6)

(b) (6)



DEPARTMENT OF THE NAVY
BUREAU OF MEDICINE AND SURGERY

7700 ARLINGTON BOULEVARD
FALLS CHURCH VIRGINIA 22042

                                                                                                                     IN REPLY REFER TO

3900
Ser 20UM24RPV0036
24 April 2020

From: Chief, Bureau of Medicine and Surgery
To:
Via: Chief, Office of Naval Research (Code–34)

Subj: APPROVAL OF PROTOCOL NRD - 1219

Ref: (a) DoD Instruction 3216.01 "Use of Animals in DOD Programs" 20 March 2019
(b) SECNAVINST 3900.38C "The Care and Use of Laboratory Animals in DOD         

Programs" 18 June 2019
(c) Animal Welfare Regulations (CFR Title 9, Chapter 1, Subchapter A, Parts 1 – 3)

1. In accordance with references (a) through (c), protocols (S19154) from the University of 
California, San Diego entitled “Nitrogen gas uptake and excretion during 
compression/decompression to simulate diving” is granted approval by the Director, Veterinary 
Affairs and will remain so until significant modification, cancellation, or expiration.

2. Navy animal use research database number NRD - 1219 has been assigned to this protocol.  
Please reference this number on all future correspondence.

3.  Documentation of the following actions must be forwarded to the Director, Veterinary Affairs 
for review and approval as indicated below:

a. Modifications approved by your IACUC must be reviewed and approved prior to 
implementation.

b. Verification of continuing reviews conducted by your IACUC.
c. Copies of USDA annual inspection reports.
d. Any regulatory non-compliance evaluation of the animal facility or program by USDA that 

results in an investigation must be reported within 5 business days.
e. Any change in status with AAALAC, International (gain, loss, or change in category of 

accreditation); accreditation loss must be reported within 5 business days.
f. Reports to OLAW involving any serious or continuing noncompliance with the PHS Policy, 

any serious deviation from the provisions of the “Guide for the Care and Use of Laboratory 
Animals”, or any suspension of the activity by the IACUC.

g. Any adverse events, particularly with respect to animal welfare or regulatory compliance that 
might impact DoD continued support of the activity.

h. Once the project is completed or if suspended or prematurely terminated for any reason.

4.  Throughout the life of the award, the awardee is required to submit animal usage data for 
inclusion in the DOD Annual Report on Animal Use.  Please ensure that the following animal 
usage information is maintained for submission: 

(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)
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                                                                                                                       IN REPLY REFER TO 

  3900 
     Ser 22UM24RPV0033 

  12 July 2022  
 
From: Chief, Bureau of Medicine and Surgery 
To:  
Via:    Chief, Office of Naval Research (Code–34) 
 
Subj: APPROVAL OF PROTOCOL NRD - 1288 
 
Ref: (a) DoD Instruction 3216.01 "Use of Animals in DOD Programs" 20 March 2019 

 (b) SECNAVINST 3900.38C "The Care and Use of Laboratory Animals in DOD          
        Programs" 16 Feb 05 

 (c) Animal Welfare Regulations (CFR Title 9, Chapter 1, Subchapter A, Parts 1 – 3) 
  
1.  In accordance with references (a) through (c), protocols (A224-21-11) from Duke University 
entitled “The role of GABA in susceptibility to oxygen toxicity with repeated 
HBO2 exposure” is granted approval by the Director, Veterinary Affairs and will remain so until 
significant modification, cancellation, or expiration. 
 
2.  Navy animal use research database number NRD - 1288 has been assigned to this protocol.  
Please reference this number on all future correspondence. 
  
3.  Documentation of the following actions must be forwarded to the Director, Veterinary Affairs 
for review and approval as indicated below:   
 
 a. Modifications approved by your IACUC must be reviewed and approved prior to 
implementation.  
 b. Verification of continuing reviews conducted by your IACUC. 
 c. Copies of USDA annual inspection reports. 
 d. Any regulatory non-compliance evaluation of the animal facility or program by USDA that 
results in an investigation must be reported within 5 business days.  
 e. Any change in status with AAALAC, International (gain, loss, or change in category of 
accreditation); accreditation loss must be reported within 5 business days. 
 f. Reports to OLAW involving any serious or continuing noncompliance with the PHS Policy, 
any serious deviation from the provisions of the “Guide for the Care and Use of Laboratory 
Animals”, or any suspension of the activity by the IACUC.  
 g. Any adverse events, particularly with respect to animal welfare or regulatory compliance that 
might impact DoD continued support of the activity.  
 h. Once the project is completed or if suspended or prematurely terminated for any reason. 
 
4.  Throughout the life of the award, the awardee is required to submit animal usage data for 
inclusion in the DOD Annual Report on Animal Use.  Please ensure that the following animal 
usage information is maintained for submission:  

 
a. Species used (must be approved by this office) 

(b) (6)
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if a rat becomes ill 
&/or dies in 2 days

then decrease dose by 
25% & dose new rats 
via the required 
route(s)

Observe for 2 days

If rat(s) live, split 
difference between 

last 2 doses and give 
by required route to 

new rats

etc...

Flowcharts for animal experiments in IS0007438, Mitigation of CNS oxygen toxicity: mitochondria-targeted 
antioxidant therapy and aquaporin gas channels
Major steps in each experiment. Important details are provided in the text of the main document.

Experiment 1 (whole animal, rat) has two sets of experiments. 

First, we will determine the appropriate single dose of MitoQ and parenteral route that elevates [MitoQ] in brain 
tissues within <1 to 2 hr in Sprague-Dawley rats.

Expt. 1, Part 1: Up-and-Down Acute Toxicity Testing at room pressure while breathing room air.
Dose a single rat with a single dose of MitoQ beginning at 20 mg/kg (750 nM) by i.v. route; 

repeat in a 2nd rat using the i.m. route; and repeat in a 3rd rat using nas. route

Observe all 3 rats for 2 days

             - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Or - - - - - - - - - - - - - - - - - - - - - - - - - - -                                             
If rats survive 2 days
without ill effects

       
Then increase dose by 25%
& dose new rats via i.v., 
i.m. &/or nas. delivery routes
             
observe for 2 days

      
If rat(s) survive, increase 
dose by 25% using new

            rats
             
            etc...

Up-and-Down Acute Toxicity Testing: based on the literature, we anticipate that 6-10 rats/dosing route will be 
needed to determine the safe vs. toxic dose of MitoQ. Using the highest number, we estimate that 30 rats will be 
needed to test 3 routes of delivery: [(3 routes: i.v., nas., i.m.) x (1 MitoQ) x (10 rats max. /route)] = 30 rats

Expt. 1, Part 2: Liquid Chromatography-Dual Mass Spectroscopy (LC/MS/MS) measurements of MitoQ 
levels in blood, brain regions & lung tissues as a function time after optimal dosing by i.v., i.m. & nas. routes.

Time zero: dose rats (n=6/group) by i.v., i.m. or nas. routes (3 groups) using optimal dose from Expt. 1, Part 1

Euthanize after:  0 hr 0.5 hr 1hr 2 hr 4 hr

Harvest tissues
at each time pt: blood; CNS: brain stem, hippocampus, motor cortex; & lungs

Freeze tissues in liquid nitrogen

           prepare for LCC/MS/MS

Observe rat(s) for 
7 days maximum 

to assure no 
delayed onset 

toxicity

Euthanize or 
transfer to a 

different protocol
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(see above:) At indicated time after dosing, animals are anesthetized using 3-5% isoflurane and an arterial blood 
sample taken (cardiac puncture under isoflurane anesthesia) to measure the rat’s redox status using the redoxSYS 
analysis meter (40 L blood/sample for analysis). The animal is then euthanized and brain tissues are dissected, 
weighed, snap-frozen in liquid nitrogen, and stored at -80°C.  Based on a previous study, we plan to use six animals 
per group: [(6 rats/group) x (3 groups: i.v., nas., i.m.) x (1 substance: MitoQ) x (4 time points: 0.5, 1, 2 & 4 hr post-
MitoQ injection)] + (6 rats: baseline group, time 0 (no MitoQ injection)) = 78 SD rats

Expt. 2 (whole animal, rat): Expose freely behaving rats to HBO2 MitoQ

Adapt rat to animal chamber inside hyperbaric chamber 1hr/day 7 days

Dose rat (n=10/group) with either soybean oil vehicle, TPMP, or MitoQ

Place rat in animal chamber inside hyperbaric chamber and ventilate with air for 30 min

Ventilate animal chamber with 1 ATA O2 (= 100% O2 at room pressure) for 15 min

Pressurize animal chamber (100% O2) at ~1 ATG/min to maximum depth of 5 ATA O2

Continuously observe rat until onset of 1st and 2nd bouts of visible seizures

After 2nd seizures switch to air and begin decompression at ~1 ATG/min back to room pressure

Remove rat from chamber and anesthetize with isoflurane

Take cardiac blood sample under anesthesia

Euthanize by a secondary method
(cervical dislocation, decapitation, or bilateral thoracotomy)

Blood samples will be taken immediately following the dive (cardiac puncture under anesthesia) to measure the 
animal’s redox status using the redoxSYS analysis meter (40 L/sample). Based on our past studies, we plan to use 
10 rats/group: [(10 rats/group) x (3 treatments: MitoQ, TPMP & vehicle) = 30 SD rats.

Expt. 3 (whole animal, rat): Using radio telemetric intracerebral microelectrodes, determine locations of "ox 
tox trigger zones" where seizures originate during exposure to HBO2 vs. sites of seizure propagation/
amplification, and then determine the effects of mitochondria-targeted antioxidant therapy on regional 
neural activity using MitoQ. 

Give preemptive analgesics & anesthetize rat using isoflurane

Prepare animal for sterile surgery; place rat in supine position, open abdomen, and surgically implant the radio 
telemetry module with battery; pass telemetry leads through abdominal wall and tunnel them subcutaneously up 

towards dorsal surface of head; expose telemetry leads near back of skull; open skin over surface of skull

Close abdomen using absorbable sutures for muscle layers and wound clips for skin

Place rat in stereotaxic frame (still anesthetized); exposure surface of skull; determine stereotaxic coordinates for up 
to 4 microelectrodes and drill openings in skull using a Dremel tool fitted with small burr bit; targeted CNS regions 

include, for example, brain stem nuclei, hippocampus & motor cortex; reference electrode leads are tied together and 
positioned over the cerebellum; all electrodes and leads are held in position on skull using dental cement.

Pull skin edges together and close using wound clips
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Remove rat from stereotaxic apparatus, place on warming pad and give oxygen and observe until he wakes up; place 
rat in home cage on top of a heating pad; observe and then return to vivarium once exhibiting normal behaviors;

treat animal with post-surgical analgesia

At least 1 week later, remove wound clips and return rat to lab for experiment;
i.e., dive in HBO2 ( MitoQ or TPMP or soybean oil vehicle) until onset of 1st and 2nd

bouts of seizures as in Expt. 2 (above)

Return rat to vivarium; at least 1 week later treat rat with 2nd test agent and dive in as described above;
each rat dives twice

Euthanize rat after 2nd dive in HBO2

A pilot study will be done initially to develop the deep intracerebral microelectrode recording capability, which we 
estimate will require up to 10 animals. The actual study will use 10 rats/group: [(10 rats/group) x (3 groups: 
MitoQ/TPMP, MitoQ/vehicle, TPMP/vehicle) x 1.15 c.f.] + (10 rats for pilot study) = 45 rats.  

END OF WHOLE ANIMAL RAT EXPERIMENTS

BEGIN RAT BRAIN SLICE EXPERIMENTS

Expt. 4 (in vitro brain slice, rat): Determine the effects of MitoQ during exposure to hyperoxia on the rate of
production of RONS and m in caudal Solitary Complex (cSC) neurons in brain stem slices

Rats (P1-P21, weanlings & young adults) are euthanized by rapid decapitation

Brain is removed, blocked, and cut into ~400 m thick coronal tissue slices; fluorescence microscopy is done to 
measure effects of hyperoxia on RONS production and mitochondrial membrane potential, m, in cSC neurons.

Assumptions and power analyses used to determine the number of cells needed and animals needed for fluorescence 
imaging are explained in Section 9. To measure reactive species: [(40 cells/treatment) x (6 rats/40 cells) x (2 dyes) x 
(3 aCSF test media) x (1 CNS nucleus) x (1.11)] = 40 rats; and to measure mitochondrial membrane potential: [(40 
cells/treatment) x (6 rats/40 cells) x (1 dye) x (3 aCSF test media) x (1 CNS nucleus) x (1.11)] = 20 rats

Expt. 5 (in vitro brain slice, rat): Determine the effects of MitoQ on O2-sensitivity or cSC neurons
using electrophysiology in rat brain stem slices

Rats (P1-P21, weanlings & young adults) are euthanized by rapid decapitation

Brain is removed, blocked, and cut into ~400 m thick coronal tissue slices; electrophysiology is done to measure 
effects of hyperoxia MitoQ on neuronal electrical signaling.

Estimated numbers of animals required are calculated as follows: [(10 slices/treatment) x (1 rat/cell) x (2 treatments: 
hyperoxia, MitoQ) x (1.4 c.f. x 2.2 c.f.) x (1 CNS nucleus)] = 62 rats. In Section 9 of the animal protocol, we 
explain allowances for rat pups born but not used in experiments (13 rats, neonates & weaned rats born but not used 
in this research (too old for certain experiments)) and the damns required for pups (12 rats, timed-pregnant or 
nursing dams). In all, 135 rat pups need to be born to yield 40 + 20 + 62 = 122 rat pups for experiments.

END OF RAT BRAIN SLICE EXPERIMENTS & MITOQ STUDY
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BEGIN AQUAPORIN-4 (AQP4) MOUSE EXPERIMENTS
Note: no MitoQ or TPMP will be used in these experiments, only HBO2 CO2

AQP4-KO and WT C57/BL6 control mice will be shipped to USF Tampa from Case Western Reserve University, 
Cleveland, Ohio, Dept. of Physiology and Biophysics. Mice will initially be held in quarantine for 28 days in the 
COM vivarium before they are used in any experiments. CWRU will have a subcontract with USF on the USF Grant 
from ONR. 

Expt. 6 (whole animal, mice): Effects of HBO2 on the risk for developing HBO2-induced seizures
in AQP4-KO vs.WT mice

Adapt mouse to animal chamber inside hyperbaric chamber 1hr/day 7 days

Place mouse in animal chamber inside hyperbaric chamber and ventilate with air for 30 min

Ventilate animal chamber with 1 ATA O2 (= 100% O2 at room pressure) for 15 min

Pressurize animal chamber (100% O2) at ~1 ATA/min to maximum depth of 5 ATA O2

Continuously observe mouse until onset of 1st and 2nd bouts of visible seizures

After 2nd seizures switch to air and begin decompression at ~1 ATA/min back to room pressure

Remove mouse from chamber and return to vivarium

1 week later dive mouse a second time in HBO2 until onset of 1st and 2nd bouts of visible seizures

Remove mouse from chamber and return to vivarium

1 week later dive mouse a third time in HBO2 until onset of 1st and 2nd bouts of visible seizures

Remove mouse from chamber and return to vivarium

1 week later dive mouse a fourth and final time in HBO2 until onset of 1st and 2nd bouts of visible seizures

Remove mouse from chamber and euthanize after 4th dive in HBO2

THE RATIONALE FOR MULTIPLE DIVES AND SEIZURES is to induce kindling in mice and determine the 
effect of AQP4 on kindling. The number of mice required for these experiments is: (10 mice/group) x (2 groups: 
AQP4-KO & WT) = 20 mice total (10 AQP4-KO and 10 WT)

Expt. 7 (whole animal, mice): Effects of HBO2 CO2 on the risk for developing HBO2-induced seizures
in AQP4-KO vs.WT mice

Adapt mouse to animal chamber inside hyperbaric chamber 1hr/day 7 days

Place mouse in animal chamber inside hyperbaric chamber and ventilate with air for 30 min

Ventilate animal chamber with 1 ATA O2 (= 100% O2 at room pressure) for 15 min

Pressurize animal chamber (100% O2) at ~1 ATA/min to maximum depth of 5 ATA O2

Continuously observe mouse until onset of 1st and 2nd bouts of visible seizures
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After 2nd seizures switch to air and begin decompression at ~1 ATA/min back to room pressure

Remove mouse from chamber and return to vivarium

1 week later dive mouse a second time as before until onset of 1st and 2nd bouts of visible seizures only this time use 
HBO2 + CO2 (randomize order of HBO2 alone and HBO2 + CO2 between animals)

Remove mouse from chamber and return to vivarium

Remove mouse from chamber and euthanize after 2nd dive in HBO2

Expt. 8 (whole animal, mice): Effects of hyperbaric oxidative preconditioning on AQP4 expression and the 
risk for developing HBO2-induced seizures in WT mice. 

Two mice at a time are pretreated (preconditioned) with a sublethal level of HBO2:
2.5 ATA HBO2 x 90-min x 4 treatments; i.e.

2.5 ATA O2 x 90-min
(4.5 hr 1 ATA air)

2.5 ATA O2 x 90-min
(4.5 hr 1 ATA air)

2.5 ATA O2 x 90-min
(4.5 hr 1 ATA air)

2.5 ATA O2 x 90-min
(4 hr 1 ATA air)

Remove mice from preconditioning pressure chamber &
place 1 mouse in animal chamber inside hyperbaric chamber 

and ventilate with air for 0.5 hr

Ventilate animal chamber with 1 ATA O2 (= 100% O2 at room pressure) for 15 min

Pressurize animal chamber (100% O2) at ~1 ATG/min to maximum depth of 5 ATA O2

Continuously observe mouse until onset of 1st and 2nd bouts of visible seizures

After 2nd seizures switch to air and begin decompression at ~1 ATG/min back to room pressure

Remove mouse from chamber and return to vivarium

Remove mouse from chamber; euthanize by trans-cardial perfusion & fixation;
Harvest brain tissue for AQP4 immunohistochemistry processing

Clean animal chamber and insert 2nd preconditioned mouse

Repeat HBO2 dive experiment for 2nd preconditioned mouse, euthanize
& harvest brain tissue for AQP4 immunostaining

Three groups of WT mice will be studied; 1) mice preconditioned using 2.5 ATA HBO2 (describe above in 
flowchart); control WT mice preconditioned with normoxic hyperbaric pressure (14% O2 + balance Helium = 0.21 
ATA O2 + 0.79 ATA He), and another group of control WT mice maintained in the preconditioning chamber for 24h 
with ventilation using 1 ATA air.  The number of mice needed for this experiment is: (3 groups of preconditioned 
WT mice: HBO, normoxic hyperbaric pressure, and 1 ATA air) x (10 mice/group) = 30 WT mice

24 hr in 
MDL 1026
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The Role of GABA in Susceptibility to Oxygen Toxicity with Repeated HBO2 Exposure

Project Abstract
Hyperbaric oxygen (HBO2) increases the partial pressure of oxygen (PO2) in the lungs, blood and tissues. The 
pulmonary and central nervous systems are very sensitive to changes in PO2, and high levels can cause oxidative 
tissue damage that can be lethal. The USN established single-depth oxygen exposure limits that serve to reduce 
the probability of developing central nervous system oxygen toxicity (CNS-OT) that may culminate in tonic-clonic 
seizures, thus are restrictive for depth and time. For this reason, research has been directed towards 
understanding the mechanisms of CNS-OT with the goal of finding targeted prevention strategies. It is known that 
increasing the GABA-to-glutamate ratio delays seizure latency, and this can be accomplished by administering FDA 
approved antiepileptic drugs (AEDs). We have determined in mice that a single 60-minute exposure to HBO2 at 5 ATA 
causes DNA oxidation, inflammation and selective degradation of mitochondria, i.e., mitophagy, mainly in the 
cerebellum and hippocampus. This is followed by mitochondrial biogenesis and injury resolution within 72-hours. 
The AED tiagabine (TGB) attenuated acute brain injury and enhanced mitochondrial biogenesis. Because exposure to 
HBO2 increases sensitivity to CNS-OT, which is linked to oxidative lung injury, the main objective in this 
application is to determine how HBO2 and GABA influence repeated exposure-sensitivity to oxidative tissue injury. 
A secondary objective is to determine the impact of elevated GABA levels on running performance after HBO2. Our 
central hypothesis is that increasing the GABA-to-glutamate ratio will shorten the time course of oxidative 
injury repair, decreasing repeated HBO2 exposure sensitivity. The rationale is that it will determine if 
maintaining GABA levels affords protection against oxidative tissue damage with repeated exposure to HBO2 and 
offer a strong scientific framework for testing GABAergic AEDs in humans. To test our hypothesis and attain our 
objective, the following three specific aims will be pursued: 1) Determine in C57BL/6 mice if GABA influences 
repeated HBO2 exposure sensitivity to seizures and lung injury. 2) Determine in mito-QC mice the impact of HBO2 
and GABA on recovery from oxidative tissue damage. 3) Determine in C57BL/6 mice if increased GABA impairs running 
performance after HBO2. To accomplish this research, we will use wild type and transgenic mice with fluorescent 
labels for mitochondrial architecture and mitophagy (mito-QC) and expose them to single or repeated HBO2 
exposures at 5 ATA. Running performance will be tested after HBO2 at 3 ATA. GABA metabolism and oxidative injury 
in the brain and lung will be measured by ultra-performance liquid chromatography-tandem mass spectrometry, 
immunohistochemistry and immunofluorescence, immunoblotting and assays. The proposed research is significant 
because it will lay the groundwork for testing GABAergic AEDs in humans performing work in HBO2. The proximate 
expected outcomes of this work is knowledge of how GABA influences the time course of oxidative injury repair in 
the brains and lungs of mice exposed to repeated HBO2. The results will have an important positive impact 
immediately because they will establish new function(s) of GABA, and potentially lead to increased oxygen 
exposure limits. The proposed research is relevant to warfighters because breathing 100% oxygen during diving 
operations can impair work performance and mitigation approaches are needed. This proposal addresses two of 
Undersea Medicine & Performance Concentration Areas: mitigation of hyperbaric oxygen toxicity and diver 
performance optimization. 
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Alterations and Renovations7.

8.

9.

10.

Totals ($)

Total Number Other Personnel

Total Salary, Wages and Fringe Benefits (A+B)

Other 1

Other 2
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Section B, Other Personnel
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Section H, Indirect Costs

Section G, Direct Costs (A thru F)
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437,310.00
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7,087.00

90,279.00

44,315.00

45,964.00

534,676.00

860,827.00

860,827.00Section K, Total Costs and Fee (I + J)
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Personnel 
Heath Gasier, PhD, RD - Principal Investigator (2.4 calendar months effort in year 1, 4.8 calendar 
months effort in years 2 and 3; $ ). Dr. Gasier is an Assistant Professor in the Department 
of Anesthesiology, Duke University, and faculty within the Duke Center for Hyperbaric Medicine 
and Environmental Physiology (CHMEP). Dr. Gasier will be responsible for the overall 
administration and direction of the project, perform fluorescence and confocal imaging, data 
analyses, complete annual reports and presentations, and draft and or edit all manuscripts.  
 

  Co-Investigator (2.4 calendar months effort in year 1, 4.8 calendar months 
effort in years 2 and 3; $ ). Dr. is an  in the Department of 
Anesthesiology, Duke University, and faculty within the CHMEP. Dr.  will be responsible 
for directing . Dr.  will perform the 
majority of the fluorescence and confocal imaging, analyze data, and assist with preparing reports 
and writing manuscripts. She will report to Dr. Gasier. 
 

  Research Technician II (RT II) (0.12 calendar months effort in year 1, 0.18 
calendar months effort in year 2, 0.06 calendar months in year 3; $ ).  is a RT II 
within the CHMEP. He will be responsible for directing hyperbaric chamber operations. He will 
report to Dr. Gasier. 
 

  Hyperbaric Chamber Specialist (HCS) (0.24 calendar months effort in year 1, 
0.36 calendar months effort in year 2, 0.12 calendar months in year 3; $ ).  is a 
HCS within the CHMEP. He will be responsible for performing the HBO2 exposures. He will 
report to . 
 

  LRA I (2.4 calendar months effort in year 1, 4.8 calendar months effort in 
year 2, 6 calendar months effort in year 3; $ ).  is a LRA I within the CHEP. She 
will be responsible for purchasing, data management, tissue and blood collection, 
immunofluorescence, immunohistochemistry and immunoblotting. She will report to Dr. . 
 

  Laboratory Research Analyst I (LRA I) (1.8 calendar months effort in year 1, 
3.6 calendar months effort in year 2, 1.8 calendar months effort in year 3; $ ).  is a 
LRA I within the Department of Anesthesiology, Duke University. She will be responsible for 
maintaining the mito-QC mice colony and caring for WT mice upon arrival from Jackson 
Laboratory. She will report to Dr.  
 
Martha Salinas, BS  RT II (2.4 calendar months effort in year 1, 3.6 calendar months effort in 
years 2 and 3; $ ).  within the CHEP. She will be responsible for monitoring 
the animals during HBO2 exposures and recording seizure latencies, exercise training, 
immunofluorescence, immunohistochemistry and immunoblotting, and ELISAs. She will report 
to . 
 
Materials and Supplies:  
1. Laboratory supplies  

Year 1 ($5,340) 
 Gloves (Fisher Scientific, 19-13-1597B (small), 19-130-1597C (medium), 19-130- 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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(b) (6)
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(b) (6)
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1597D (large)), $350/case  2 = $700 
 Pipette tips (Fisher Scientific, 02-100-506 (10 µl), 02-100-507 (200 µl), 02-100-510  

(1250 µl) $170  3 = $510 
 Kimwipes (Fisher Scientific, 06-066), $150 
 1 ml syringes (Fisher Scientific, 22-253-260), $65  2 = $130 
 Sterile PBS (Fisher Scientific, AAJ61196AP), $30  
 15 ml conical centrifuge tubes (Fisher Scientific, 14-955-238), $130 
 2 ml Eppendorf tubes (Fisher Scientific, 05-402-12), $105  
 1 ml blood collection microtubes (SAI, PMTP-H-1.3), $45 
 Tiagabine hydrochloride (Sigma Aldrich, 1667280), $600 
 PVDF membranes (VWR, 97062-900), $950 
 -Glycine SDS Running Buffer (10X) (Fisher Scientific, LC2675),  

$35  2 = $70 
 -Glycine, 1.0 mm, Mini Protein  

Gel, 15-well (Fisher Scientific, XPO4205BOX), $125  5 = $625 
 Protease inhibitor (Fisher Scientific, PIA32963), $350 
 RIPA Buffer (Fisher Scientific, AAJ61951AP), $115 
 Hypodermic needles (Fisher Scientific, 14-826-48 (27g), 14-826-6C (23g)), $25  4 

= $100 
 Sterile saline (Fisher Scientific, 50-103-1363), $25  4 = $100 
 Guaze (Fisher Scientific, NC9423256), $20  4 = $80 
 Flouro-Jade C (VWR, 76262-660), $550  

 
Year 2 ($2,605) 

 Gloves (Fisher Scientific, 19-13-1597B (small), 19-130-1597C (medium), 19-130- 
1597D (large)), $350/case  2 = $700 

 Pipette tips (Fisher Scientific, 02-100-506 (10 µl), 02-100-507 (200 µl), 02-100-510  
(1250 µl) $170  2 = $340 

 Sterile PBS (Fisher Scientific, AAJ61196AP), $30  
 -Glycine SDS Running Buffer (10X) (Fisher Scientific, LC2675),  

$35  
 -Glycine, 1.0 mm, Mini Protein  

Gel, 15-well (Fisher Scientific, XPO4205BOX), $125  5 = $625 
 2 ml Eppendorf tubes (Fisher Scientific, 05-402-12), $105  
 $30  2 = $60 
 Parafilm (Fisher Scientific, 13-374-12), $160 
 Flouro-Jade C (VWR, 76262-660), $550  

 
 

2. Assays 
Year 1 ($18,260) 

 Progesterone ELISA (LSBio, LS-F10020), $800  6 = $4800 
 Estrogen ELISA (LSBio, LS-F39304), $800  6 = $4800 
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 Norephinephrine (Rocky Mountain Diagnostics, Inc., BAE-5200R), $650  10 = 
$6500 

 Tunnel Assay (Abcam, ab206386) = $720  3 = $2160 
 
Year 2 ($6,400) 

 S100B ELISA (LSBio, LF-5980-1) = $800  8 = $6400 
   

3. Antibodies ($7,610 in Year 2) 
 Anti-GABA (Sigma-Aldrich, ABN131), $410  2 = $820 
 Anti-GABA Transporter 1 (Abcam, ab259971), $600  2 = $1200 
 IHC polymer detection kit (Abcam, ab209101), $200  3 = $600 
 Goat anti-rabbit IgG H&L (Abcam, ab150077), $150  2 = $300 
 Anti-glutamic acid decarboxylase 65 (Sigma-Aldrich, G4913), $650  2 = 1300 
 Anti-glutamic acid decarboxylase 67 (Sigma-Aldrich, G5419), $500  2 = $1000 
 Anti-glutaminase (ThermoFisher Scientific, MA5-41171), $420  =$840 
 Anti-aromatase (ThermoFisher Scientific, BS-1292R), $350 
 Anti-GFAP (Abcam, ab7260), $600  2 = $1200 

 
4. Accuris SmartWasher 96, Microplate Washer (Southern Labware, MW9600), $3,800 in 

Year 2  
 Manifolds for Accuris SmartWasher 96 (Southern Labware, MW9600-ACC), $300 in 

Year 2 
Other:  
 Breeding mito-QC homozygotes ( ), $15,000 ($5,000 in 

year 1 and $10,000 in year 2) 
 C57BL/6 mice (Jackson Laboratory), $5,000 ($2,300 in year 1 and $2,700 in year 2) 
 Per diem (Duke Division of Laboratory Animal Resources), $9,500 ($1,500 in year 1 and 

$8,000 in year 2) 
 UPLC-MS/MS GABA/glutamine/glutamate (Duke Proteomics and Metabolomics Core 

Services), $9,000 in year 1 
 Process/Embed in Paraffin, H&E stain, serial section (Duke University Substrate Services 

Core & Research Support), $6,264 ($1,740 in year 1 and $4,524 in year 2) 
 Confocal microscopy, $1,200 in year 3 

 
Travel: 
 ONR Program Review 

o Justification: The purpose of these trips is for the PI (one traveler) to present the data 
from the project. Estimated costs were obtained from US GSA. 

 2023 (assuming 5% increase) 
 Airfare: $677 
 Lodging: $260 x 4 = $1092 
 M&IE: $79 x 4 = $332 
 Taxi to and from airport: $53 
 Total = $2154 

 

(b) (6)
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 2024 (assuming 5% increase) 
 Airfare: $711 
 Lodging: $260 x 4 = $1147 
 M&IE: $79 x 4 = $350 
 Taxi to and from airport: $56 
 Total = $2264 

 
 Military Health System Research Symposium 

o Justification: The purpose of these trips is for the PI (one traveler) to present the data 
from the project. Estimated costs were obtained from US GSA. 
o 2023 (assuming 5% increase) 

 Airfare: $168 
 Lodging: $135 x 4 = $540 
 M&IE: $135 x 4 = $540 
 Taxi to and from airport: $53 
 Total = $1301 

 
o 2024 (assuming 5% increase) 

 Airfare: $176 
 Lodging: $142 x 4 = $568 
 M&IE: $142 x 4 = $568 
 Taxi to and from airport: $56 
 Total = $1368 

 





















OTHER SUPPORT 

POSITIONS AND APPOINTMENTS 
2009  Present: Associate Professor, Anesthesiology, Duke University Medical Center 
2010  Present: Faculty Member, Duke Cancer Center 
2010  Present: Faculty Member, Duke Graduate School 

IN-KIND 
None 

PREVIOUS (within the past 5 years) 

Title: Redox Regulation of Lung Mitochondrial Biogenesis in Sepsis/Pneumonia (4R01-AI095424-05) 
Time Commitment:    48%     5.76 calendar months     Co-Investigator 
Supporting Agency:     NIH 
Name/Address 
Grants Management Specialist: Carine Normil 
Phone: 301-496-7075 
Email: carine.normil@nih.gov 
Program Official: Wendy Davidson 
Phone: 240-627-3494 
Email: davidsonw@mail.nih.gov 
Performance Period:     07/01/2012-06/30/2017 
Level of Funding:     $250,000 (Annual Directs); $392,500 (Total Costs) 
Brief Description of Projects Goals: We propose that the program of mitochondrial biogenesis mediates lung 
protection through HO-1/CO activation of Nfe2l2 and NRF-1 leading to 1) anti-inflammatory Socs3 and IL10 
gene expression, 2) suppression of inflammasome-mediated IL-1 production, and 3) activation of mitophagy 
through Bnip3 and Atg5, promoting alveolar epithelial cell survival and resolution of barrier dysfunction. Our 
Specific Aims are: Aim 1: Determine whether Nfe2l2 and NRF1 induction of lung mitochondrial biogenesis in 
murine S. aureus sepsis and pneumonia up-regulates Socs3 and Il10 anti-inflammatory gene expression, 
suppresses caspase1 cleavage and IL-1 production and mitigates lung inflammation and ALI. Aim 2: Use gain 
and loss of function studies to determine whether Nfe2l2 and NRF1 induction of lung of mitochondrial 
biogenesis a) regulates the autophagy genes Bnip3 and Atg5 and b) activates pro- survival mitophagy through 
HO-1/CO-related mitochondrial ROS generation in murine S. aureus pneumonia. Aim 3: Assess the extent, 
location, and relationship of mitochondrial biogenesis to mitophagy in the alveolar epithelium of human 
ALI/ARDS patients compared with healthy human lung. 

Title: Project 2: Regulation of Mitochondrial Quality Control by Heme Oxygenase-1 System in Sepsis (107287) 
Time Commitment:    50%     6.0 calendar months     Co-Investigator 

N
 

Research Administration and Support 
 

 
Email:  
Phone:  
Performance Period:     08/15/2011-06/30/2017 
Level of Funding:     $276,743 (Annual Directs); $1,600,971 (Total Costs) 

(b) (6)

(b) (6)

(b) (6)

(b) (6)
(b) (6)



Brief Description of Projects Goals: The purpose of this project is to study the effects of low-level carbon 
monoxide on mitochondrial biogenesis. 

ACTIVE  
Title: Mitochondrial quality control and alveolar damage resolution after acute lung injury (5R01-HL135239-04) 
Time Commitment:    50%     6 calendar months     Co-Investigator 
Supporting Agency:     NIH 

Grants Management Specialist: Kevin Heath 
Phone: 301-827-8033 
Email: heathkj@mail.nih.gov 
Program Official: Guofei Zhou 
Phone: 301-435-0222 
Email: guofei.zhou@nih.gov 
Performance Period:     08/10/2017-06/30/2022 
Level of Funding:     $250,000 (Annual Directs); $1,590,000 (Total Costs) 
Brief Description of Projects Goals: We propose that the AT2 cell mitochondrial QC program is necessary for 
AT1 proliferation and the full resolution of alveolar epithelial damage in ALI. This idea is not just novel; it is 
amenable to therapeutic intervention. Thus, targeted pharmacological interventions may shorten the course of 
ARDS. Therefore, using molecular methods with a preclinical approach in mice and cells, we will rigorously test 
transcriptional activation of mitochondrial QC in the AT2 cell as a critical factor in ALI resolution through 
enablement of AT2 cell proliferation, trans-differentiation into AT1 cells, and control of inflammation, all of 
which are necessary to restore epithelial barrier function. We will test our novel ideas with three Specific Aims: 
Aim 1) Measure and localize oxidant damage in lung parenchyma and AT2 cell mitochondria (specifically 
mtDNA oxidation) in ALI/pneumonia in mice and its impact on mitochondrial QC regulation by HO-1/CO and 
a) AT2 cell apoptosis, b) resolution of alveolar inflammation and c) alveolar barrier dysfunction. Aim 2) Test
how HO-1 induction of the mitochondrial QC network a) activates mitophagy b) accelerates AT2 cell
proliferation and transdifferentiation into type I epithelium, and c) prevents necroptosis after ALI/pneumonia.
Aim 3) Demonstrate whether strategies that activate mitochondrial QC will reverse loss of lung protection in
ALI/pneumonia in mice with conditional knockout (CKO) of a) HO-1 or b) NRF-1 in AT2 cells using the
approaches of Aim 1.

Title: Effects of HBO2 on skeletal muscle calcium regulation and mitochondrial function (N00014-21-1-2279) 
Time Commitment:    15%    1.8 calendar months     Co-Investigator 
Supporting Agency: Office of Naval Research (ONR)   
Nam
Technical Specialist: Sandra Chapman 
Email: Sandra.chapman.ctr@navy.mil  
Contract Specialist: Veronica Y. Lacey 
Email: veronica.lacey@navy.mil  
Performance Period: 04/22/2021-04/23/2022     
Level of Funding:     $173,939 (Annual Directs); $563,616 (Total Costs) 
Brief Description of Projects Goals: The long-term goal is to identify new approaches for preventing oxygen 
toxicity and optimizing performance in divers. The objective is determine the impact of skeletal muscle oxidant 
production on calcium regulation and mitochondrial function in mice exposed to HBO2. 

PENDING 

Title: Novel mitochondrial protective properties of annexin A1 (1R01-DK131065-01) 
Time Commitment:    10%     1.2 calendar months     Co-Investigator 
Supporting Agency:     NIH 



Grants Management Specialist: Norma G. DeGuzman 
Phone: 301-480-1810 
Email: norma.deguzman@nih.gov 
Program Official: Anna Burkart Sadusky 
Phone: 301-827-7036 
Email: anna.sudusky@nih.gov   
Performance Period:     12/01/2021-11/30/2026 
Level of Funding:     $200,000 (Annual Directs); $1,610,000 (Total Costs) 
Brief Description of Projects Goals: Acute kidney injury (AKI) is a common complication in post-surgical 
patients, and it significantly decreases patient quality of life and leads to increased rates of death. The proposed 
research in this grant application is relevant to public health because it seeks to understand the cellular 
mechanism of a novel kidney protective therapeutic that could be given prior to surgery or kidney transplantation 
to protect the kidney from injury. Thus, this proposal fulfills both aspects of the NIH's mission: to seek 
fundamental knowledge about the nature and behavior of living systems and the application of that knowledge to 
enhance health, lengthen life, and reduce illness and disability. 

OVERLAP 
There is no scientific, budgetary or effort overlap. 

I, PD/PI or other senior/key personnel, certify that the statements herein are true, complete and accurate to the 
best of my knowledge, and accept the obligation to comply with Public Health Services terms and conditions if a 
grant is awarded as a result of this application. I am aware that any false, fictitious, or fraudulent statements or 
claims may subject me to criminal, civil, or administrative penalties. 

Signature: _____________________________________ 

Date:    

SPOC  09/21/2021   (Anesthesiology) 

Reviewed  09/21/2021   (Anesthesiology) 
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OMB No. 0925-0001 and 0925-0002 (Rev. 12/2020 Approved Through 02/28/2023) 

BIOGRAPHICAL SKETCH 
Provide the following information for the Senior/key personnel and other significant contributors. 

Follow this format for each person.  DO NOT EXCEED FIVE PAGES. 

NAME: Gasier, Heath 
eRA COMMONS USER NAME (credential, e.g., agency login): hgasier 
POSITION TITLE: Assistant Professor, Department of Anesthesiology 
EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, 
include postdoctoral training and residency training if applicable. Add/delete rows as necessary.) 

INSTITUTION AND LOCATION 

DEGREE 
(if 

applicable) 
 

Completion 
Date 

MM/YYYY 
 

FIELD OF STUDY 
 

Youngstown State University, OH B.S.A.S. 06/2000 Food & Nutrition-Dietetics 

University Hospitals of Cleveland, OH Internship 08/2001 Dietetics 

Case Western Reserve University, OH M.S. 01/2001 Nutrition 

Texas A&M University, TX Ph.D. 06/2009 Exercise Physiology 

Duke University School of Medicine, NC Postdoctoral 05/2015 Hyperbaric Physiology 
 
A. Personal Statement 
My role in the proposed project is that of a PI. I have a broad background in nutrition and physiology, and have 
worked as a U.S. Air Force Clinical Dietitian for three years in between my graduate education. During my time 
as a clinician, I became interested in metabolic changes in the critically ill and aged patients because I often 
observed rapid deterioration of their health and function. This experience led me back to graduate school where 
I directed my studies on skeletal muscle metabolism with a focus on anabolism. I was supported by a U.S Navy 
Health Services Collegiate Program Scholarship and returned to uniform upon graduation. For the next decade, 
I served in the U.S. Navy as a Research Physiologist and conducted numerous projects as a PI/Co-I prior to 
retiring in 2019. The research areas include bone health in specific military occupations, obesity, central nervous 
system and pulmonary oxygen toxicity, hypobaric hypoxia, and skeletal muscle mitochondrial dynamic regulation 
in heat stress and obesity. I have conducted investigations using cells, rodents, fish and human models. I have 
led large-scale human studies in the laboratory and field. I have mentored physicians, undergraduate and 
graduate students, and research technicians. While my faculty rank is Assistant Professor, my positions and 
experiences in the military and as a scientist have provided me with the knowledge and skills of a more senior 
researcher. I understand the importance of constructing a realistic research plan, timeline and budget. I am 
aware of the benefit of frequent communication among all research team members, and have previously worked 
with the Co-I’s and research technicians. I believe that my documented success in procuring research funding, 
directing, meeting deadlines, and accurate reporting of study results provides evidence that I am fully qualified 
to carry out this research as a PI. 
 
B. Positions, Scientific Appointments, and Honors 
 
Positions 
2019- Assistant Professor, Department of Anesthesiology, Duke University Center for Hyperbaric 

Medicine & Environmental Physiology, Durham, NC 
2015-2019 Assistant Professor, Department of Military & Emergency Medicine, Uniformed Services 

University of the Health Sciences, Bethesda, MD 
2013-2015 Visiting Research Scholar, Duke University, Center for Hyperbaric Medicine, Uniformed 

Services University of the Health Sciences, Bethesda, MD 
2009-2013 Research Physiologist, Naval Submarine Medical Research Laboratory, Groton, CT 



2002-2005  Clinical Dietitian, Wilford Hall Medical Center, Lackland Air Force Base, San Antonio, TX  
2005-2009 Graduate Research Assistant, Texas A&M University, Department of Health and Kinesiology, 

College Station, TX 
 
Scientific Appointments 
2015-2019 Navy Appointee, Nutrition and Dietary Supplements Working Group, Joint Program Committee-

5/Military Operational Medicine Research Program   
2015-2019 IACUC Alternate, Department of Military & Emergency Medicine, Uniformed Services University 

of the Health Sciences, Bethesda, MD  
2015-2019 Scientific Advisor for Animal Research, Consortium for Health and Military Performance, 

Department of Military & Emergency Medicine, Uniformed Services University of the Health 
Sciences, Bethesda, MD 

2010-2013  Vice-Chair Scientific Review Board, Naval Submarine Medical Research Laboratory, Groton, CT 
2009-2013 IRB Alternate, Naval Submarine Medical Research Laboratory, Groton, CT 
2009-2013  Research Integrity Leader, Naval Submarine Medical Research Laboratory, Groton, CT 
 
Honors 
2013-2015 Hyperbaric Physiology Fellowship (Duke Center for Hyperbaric Medicine and Environmental 

Physiology, Durham, NC), United States Navy 
2005-2009 Health Services Collegiate Program Scholarship (Texas A&M University, College Station, TX), 

United States Navy 
1999 Outstanding Member, Golden Key National Honor Society, Youngstown State University, 

Youngstown, OH 
 
C. Contributions to Science 
1. Assessing Skeletal Muscle Protein Synthesis using 2H2O: An Alternative Approach. Researchers 

previously relied on labeled amino acids to measure protein renewal rates. This methodology was 
constrained by the need to confine human subjects to a laboratory for catheter placement that was used for 
continuous isotope infusion and blood sampling. In addition, subjects were required to report in the laboratory 
after an overnight fast and movement was limited to a bout of exercise that would be performed after a 
certain period of isotope infusion. My doctorate advisor, Dr. James Fluckey, and I questioned this well 
established and relied upon methodology because it clearly did not reflect free-living conditions, e.g. habitual 
food intake, activities of daily living, sleep, stress, circadian rhythm. In collaboration with Dr. Steven Previs, 
we performed a series of experiments in rats, fish and humans using deuterium oxide (2H2O) and GC-MS 
technology. We determined that skeletal muscle protein renewal could be determined over short- or long-
time intervals without the need for laboratory confinement. This method is now routinely used by researchers 
from various disciplines to measure skeletal muscle protein anabolism under free-living conditions over 
extended periods. 
a. Gasier HG, Fluckey JD, Previs SF, Wiggs MP, Riechman SE. Acute resistance exercise augments 

integrative myofibrillar protein synthesis. Metabolism. 2012 Feb;61(2):153-156. PMID: 21864869  
b. Gasier HG, Riechman SE, Wiggs MP, Buentello A, Previs SF, Fluckey JD. Cumulative responses of 

muscle protein synthesis are augmented with chronic resistance exercise training. Acta Physiol (Oxf). 
2011 Mar;201(3):381-389. PMID: 20804462  

c. Gasier HG, Previs SF, Pohlenz C, Fluckey JD, Gatlin DM 3rd, Buentello JA. A novel approach for 
assessing protein synthesis in channel catfish, Ictalurus punctatus. Comp Biochem Physiol B Biochem 
Mol Biol. 2009 Oct;154(2):235-238. PMID: 19563906 

d. Gasier HG, Riechman SE, Wiggs MP, Previs SF, Fluckey JD. A comparison of 2H2O and phenylalanine 
flooding dose to investigate muscle protein synthesis with acute exercise in rats. Am J Physiol Endocrinol 
Metab. 2009 Jul;297(1):E252-259. PMID: 19366878  
 

2. Impact of Submergence on Bone and Metabolic Health. Prolonged submergence imposes stress on 
human biology because there is no sunlight, limited space and equipment to perform regular exercise, shift 
work and the option to consume energy dense food. As the PI, I led two large-scale investigations to 
determine the impact of submarine duty on short- (1 submarine patrol) and long-term (course of a career) 
skeletal health. A secondary objective was to measure body composition and metabolic health. From this 
body of work, we learned that submarine duty does not lead to a greater than normal age-related decline in 



bone density. Despite this finding, approximately 5% of submariners >50 years of age had osteoporosis and 
12% met the FRAX criteria for pharmacological treatment. We also determined that > 2/3 of submariners 
had a body fat percentage diagnostic of obesity (>25%) when measured by dual-energy X-ray absorptiometry 
or air displacement plethysmography. In addition, the prevalence of metabolic syndrome in submariners was 
similar to the general population (age and gender matched), a finding that was alarming since the military 
has higher health and fitness standards. This research was important because it established that submarine 
patrols do not cause bone loss but contributes to obesity and metabolic syndrome. 
a. Gasier HG, Young CR, Gaffney-Stomberg E, McAdams DC, Lutz LJ, McClung JP. Cardiometabolic 

Health in Submariners Returning from a 3-Month Patrol. Nutrients. 2016 Feb 9;8(2):85. PMID: 26867201 
b. Gasier HG, Hughes LM, Young CR, Richardson AM. Comparison of Body Composition Assessed by 

Dual-Energy X-Ray Absorptiometry and BMI in Current and Former U.S. Navy Service Members. PLoS 
One. 2015;10(7):e0132157. PMID: 26197480 

c. Gasier HG, Hughes LM, Young CR, Richardson AM. The assessment of bone mineral content and 
density of the lumbar spine and proximal femur in US submariners. Osteoporos Int. 2014 
Sep;25(9):2225-2234. PMID: 24866394  

d. Gasier HG, Gaffney-Stomberg E, Young CR, McAdams DC, Lutz LJ, McClung JP. The efficacy of vitamin 
D supplementation during a prolonged submarine patrol. Calcif Tissue Int. 2014 Sep;95(3):229-239. 
PMID: 25005834  

 
3. Mitigation of Central Nervous System Oxygen Toxicity. The toxic effects of oxygen on the central nervous 

system (CNS) were first reported in 1878 by Paul Bert. Lorrain Smith later (1899) determined that oxygen 
was also toxic to the lung. While assigned to the Naval Submarine Medical Research Laboratory, Groton, 
CT, I became fascinated in how hyperbaric oxygen (HBO2) could be used to treat decompression illness and 
many other complications but was also toxic to the CNS and lungs. During and after the completion of a two-
year fellowship in hyperbaric physiology at the Duke Center for Hyperbaric Medicine and Environmental 
Physiology, I (Co-I) completed a serious of experiments with Dr. Claude Piantadosi and Dr. Ivan Demchenko 
that led to significant advancements in the field: First, there are regional neurovascular responses to HBO2, 
and the non-selective beta-antagonist propranolol can effectively delay cerebral hyperemia and seizure 
onset in rats. Second, GABA production is reduced, and this is in part modulated by S-nitrosylation of GAD65. 
Third, the combination of FDA approved antiepileptic drugs from different functional classes (GABA 
enhancers and Na+-channel antagonists) offer greater antiseizure protection in HBO2 than individual 
antiepileptic drugs. This research was novel because it led to the discovery of effective pharmacological 
approaches that can delay oxygen-induced seizures and attenuate acute lung injury. 
a. Demchenko IT, Zhilyaev SY, Alekseeva OS, Krivchenko AI, Piantadosi CA, Gasier HG. Increased 

antiseizure effectiveness with tiagabine combined with sodium channel antagonists in mice exposed to 
Hyperbaric Oxygen. Neurotox Res. 2019 Nov;36(4):788-795. PubMed PMID: 31148118 

b. Gasier HG, Demchenko IT, Zhilyaev SY, Moskvin AN, Krivchenko AI, Piantadosi CA. Adrenoceptor 
blockade modifies regional cerebral blood flow responses to hyperbaric hyperoxia: Protection against 
CNS oxygen toxicity. J Appl Physiol. 2018 Jul;125:1296-1304. PubMed PMID: 30024340  

c. Gasier HG, Demchenko IT, Tatro LG, Piantadosi CA. S-nitrosylation of GAD65 is implicated in decreased 
GAD activity and oxygen-induced seizures. Neurosci Lett. 2017 Jul 13;653:283-287. PubMed PMID: 
28579483  

d. Gasier HG, Demchenko IT, Allen BW, Piantadosi CA. Effects of striatal nitric oxide production on regional 
cerebral blood flow and seizure development in rats exposed to extreme hyperoxia. J Appl Physiol 
(1985). 2015 Dec 1;119(11):1282-1288. PubMed PMID: 26338456  
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Abstract  
 

Hyperbaric oxygen (HBO2) increases the partial pressure of oxygen (PO2) in the lungs, blood and 
tissues. The pulmonary and central nervous systems are very sensitive to changes in PO2, and high 
levels can cause oxidative tissue damage that can be lethal. The USN established single-depth 
oxygen exposure limits that serve to reduce the probability of developing central nervous system 
oxygen toxicity (CNS-OT) that may culminate in tonic-clonic seizures, thus are restrictive for 
depth and time. For this reason, research has been directed towards understanding the mechanisms 
of CNS-OT with the goal of finding targeted prevention strategies. It is known that increasing the 
GABA-to-glutamate ratio delays seizure latency, and this can be accomplished by administering 
FDA approved antiepileptic drugs (AEDs). We have determined in mice that a single 60-minute 
exposure to HBO2 at 5 ATA causes DNA oxidation, inflammation and selective degradation of 
mitochondria, i.e., mitophagy, mainly in the cerebellum and hippocampus. This is followed by 
mitochondrial biogenesis and injury resolution within 72-hours. The AED tiagabine (TGB) 
attenuated acute brain injury and enhanced mitochondrial biogenesis. Because exposure to HBO2 
increases sensitivity to CNS-OT, which is linked to oxidative lung injury, the main objective in 
this application is to determine how HBO2 and GABA influence repeated exposure-sensitivity to 
oxidative tissue injury. A secondary objective is to determine the impact of elevated GABA levels 
on running performance after HBO2. Our central hypothesis is that increasing the GABA-to-
glutamate ratio will shorten the time course of oxidative injury repair, decreasing repeated HBO2 
exposure sensitivity. The rationale is that it will determine if maintaining GABA levels affords 
protection against oxidative tissue damage with repeated exposure to HBO2 and offer a strong 
scientific framework for testing GABAergic AEDs in humans. To test our hypothesis and attain 
our objective, the following three specific aims will be pursued: 1) Determine in C57BL/6 mice if 
GABA influences repeated HBO2 exposure sensitivity to seizures and lung injury. 2) Determine 
in mito-QC mice the impact of HBO2 and GABA on recovery from oxidative tissue damage. 3) 
Determine in C57BL/6 mice if increased GABA impairs running performance after HBO2. To 
accomplish this research, we will use wild type and transgenic mice with fluorescent labels for 
mitochondrial architecture and mitophagy (mito-QC) and expose them to single or repeated HBO2 
exposures at 5 ATA. Running performance will be tested after HBO2 at 3 ATA. GABA metabolism 
and oxidative injury in the brain and lung will be measured by ultra-performance liquid 
chromatography-tandem mass spectrometry, immunohistochemistry and immunofluorescence, 
immunoblotting and assays. The proposed research is significant because it will lay the 
groundwork for testing GABAergic AEDs in humans performing work in HBO2. The proximate 
expected outcomes of this work is knowledge of how GABA influences the time course of 
oxidative injury repair in the brains and lungs of mice exposed to repeated HBO2. The results will 
have an important positive impact immediately because they will establish new function(s) of 
GABA, and potentially lead to increased oxygen exposure limits. The proposed research is 
relevant to warfighters because breathing 100% oxygen during diving operations can impair work 
performance and mitigation approaches are needed. This proposal addresses two of Undersea 
Medicine & Performance Concentration Areas: mitigation of hyperbaric oxygen toxicity and diver 
performance optimization. 
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V. Facilities & Equipment
The CHMEP is among the largest laboratories of its kind in the world. Within the CHMEP, the FG Hall 

Environmental Laboratory, established in 1963, contains a 432 ft2 chamber complex (eight chambers) capable of 
compression to 3,600 ft. of sea water or decompression to 100,000 ft. of altitude. There are also several hyper- 
and hypobaric chambers devoted to animal research. Adjoined to the FG Hall Environmental Laboratory are 
rooms dedicated to human and animal physiological testing, tissue handling and processing, cell culture, 
molecular biology, protein biochemistry, animal surgery, gas analysis and light/fluorescent microscopy. A 
biomedical electronics and machine shop provide in-house design and construction capability. The CHMEP is 
housed within Duke Medical Center, with resuscitation equipment and facilities for administering oxygen and 
intravenous drugs. There is immediate access to critical care units, hospital labs, radiology and MR imaging. 
Material and procedural adequacy of the chamber facility have been certified by the US Navy. All studies 
proposed in this application will be performed at the CHMEP.  

Laboratory equipment includes basic bench instruments such as 3 tissue homogenizers and 2 sonicators,  
2 analytical balances, 3 water baths, 2 pH/ion-analyzers, 2 low-temperature (-80 °C) and 4 -20 °C freezers, a 
Hitachi U2000 spectrophotometer, and a Shimadzu UV-visible scanning spectrophotometer. Other equipment 
includes a Prizm spectrofluorometer, a Tecan Safire temperature controlled multi-mode plate reader, a multi-
channel differential spectrophotometer with low temperature capability, a dual oxygraph with two-channel 
recorder, Reichert dissecting microscopes, a Sorvall RC-5 Superspeed Centrifuge, a Beckman Ultra 80 
ultracentrifuge with titanium rotor, 3 bench-top centrifuges (one with refrigeration), and 3 complete HPLC 
systems with electrochemical, fluorescence and optical detection capabilities. In addition, the laboratory contains 
multiple Hoefer and Biorad PAGE systems with power supplies, and an electrophoresis DNA and RNA gel 
system. The Duke laboratory contains a BSL2 hood, two Nikon Eclipse high resolution fluorescent microscopes 
equipped with color and monochromic cameras and NIS-Elements software, a Leitz Vario-Orthomat microscope 
with camera, a darkroom Philips X-ray film developer, and a BioSpectrum Imaging System. For molecular 
studies, TaqMan-real time PCR, ABI Stepone Plus and 7500 Sequence detectors are available. For conventional 
PCR, 4 Veriti Thermal Cyclers, a hybridization oven, and a 10 Owl horizontal gel separation system are available. 
Also available is an image analysis scanner and software (BioRad) and a Tecan GENios multimode microplate 
reader.  
Dr. Gasier has received an ONR DURIP (FOA NOOO14-20-2-F004) in 2021 to procure a metabolic testing 

system with metabolic treadmill for mice and rats that will be used for Aim 3 in this proposed research. 





Project Narrative Contact PD/PI: Gasier, H.G.   

2 

TABLE OF CONTENTS 

3 

3-6
6
6-7
7-11
11
11-12

12-13

13 

13-14

 

I. TECHNICAL APPROACH 
Significance
Specific Aims
Innovation
Approach
Naval Relevance
Project Schedule and Milestones

II. MANAGEMENT APPROACH

III. PI QUALIFICATIONS

IV. RESPONSIBILITY























Project Narrative  Contact PD/PI: Gasier, H.G.    
 

13 
 

recording seizure latencies, exercise training, immunofluorescence, immunohistochemistry and immunoblotting, 
and ELISAs.  will be responsible for directing hyperbaric chamber operations.  will 
be responsible for performing the HBO2 exposures.  

Research meetings are held every Monday morning to plan chamber experiments and assess personnel 
requirements. Each of the research team members have offices within the CHMEP and communicate on a daily 
basis.  uploads data into Duke University’s supported LabArchives eResearch 
Notebook. Data storage is secure and uses a cloud-based server. This allows access to approved site users and 
reduces data transmission time. 
 
III. PI Qualifications 

The PI will be Heath G. Gasier. I joined the CHMEP (Department of Anesthesiology) in August of 2019 
after retiring from the USN as a Research Physiologist. I have served as a PI on military related research since 
2006, and have received funding from the ONR, DHP and DMRDP. From 2013-2105, I completed the first out-
of-service fellowship in hyperbaric physiology at the CHMEP under the direction of , a 
pioneer in the field who has been funded by ONR for 30+ years. My research is focused on understanding how 
oxidative damage to the brain, lung and skeletal muscle alters function. The work that I have been a part of has 
led to testing the efficacy of adrenoceptor antagonists and AEDs in extreme HBO2. From this body of work, we 
have learned that the non-selective β-receptor antagonist propranolol and several AEDs, e.g. TGB, lamotrigine, 
carbamazepine and gabapentin, are efficacious in delaying HBO2 seizures. This proposal is an extension of this 
work and important for transitioning into human testing. My colleague, Dr. , will be a Co-I. She is 
an  in the Department of Anesthesiology and has been a part of the CHEMP for 21 years. She 
is an expert in pathology and the transcriptional regulation of mitochondrial dynamics. Our knowledge and skills 
complement each other and will result in the successful completion of this research. 

 
IV. Responsibility 

All HBO2 exposures will be conducted in chamber Golf, the CHMEP’s dedicated animal chamber (390.5 
ft.3). Exercise habituation and testing will be completed in an adjacent IACUC authorized rodent housing room 
that is temperature controlled and on a 12 h light and dark cycle. Euthanasia and tissue collection will be 
performed in adjacent animal surgical laboratories. Assays, immunofluorescence, immunohistochemistry and 
immunoblotting will be completed in adjacent biochemistry and imaging laboratories. The mito-QC mice will be 
generated by the Duke Rodent Genetic Engineering Services. Brain and lung tissue will be sent to the Duke 
Proteomics and Metabolomics Core Facility for measurement of GABA, glutamine and glutamate.  
 The majority of my time (95%) is dedicated to research, which includes directing laboratory technicians 
and mentoring students. The remainder of my effort is devoted to teaching, committees and peer review. I have 
sufficient time to execute this research.  
 I successfully managed federal awards since 2010 and always meet project milestones. I am diligent with 
timelines, budget management, and ensuring funds are expended/allocated in accordance with the proposal. The 
ONR awards N00014-21-1-2279 and N00014-18-1-2702 will be completed in April of 2022. The NAVSEA 
award N00024-21-C-4310 will be completed in March of 2022.   
 I served in the military for 27 years, both enlisted and officer, and believe this has contributed to my 
honesty and practice of strong moral and ethical principles. From 2010-2013, I was the Research Integrity Leader 
and Vice Chair of Scientific Review Board at the Naval Submarine Medical Research Laboratory, Groton, CT, 
highlighting my commitment to responsible conduct in research. In addition, I complete annual research ethics 
training.  
 My current position is Assistant Professor (non-tenured faculty) in the Department of Anesthesiology and 
meet the qualifications to serve as a PI on federal grants.  
 I am detail-oriented and enjoy organizing and planning experiments, leading teams and trouble shooting. 
High quality presentations, reports and peer reviewed publications is testament of my knowledge, skills and 

(b) (6) (b) (6)

(b) (6)

(b) (6)

(b) (6)
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abilities. I always master or familiarize myself with techniques that are appropriate to meet study objectives, and 
form collaborations with others who are more knowledgeable. As a PI, I ensure that the research staff works in a 
safe and friendly environment, and that quality standards are adhered to and documented where need be. My time 
spent as a military officer and PI has provided me with the necessary skills to maintain a structured and effective 
research laboratory that will ensure the success of this research.  
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BUMED Animal Use Appendix for Research Involving Animals  
ABBREVIATED VERSION 

 
***NOTE:  BUMED will ONLY review protocols that have been approved by your IACUC.*** 
**Animal work MAY NOT be initiated until the awardee receives BUMED approval.** 
*Animal work initiated without BUMED approval is noncompliant and may not be funded.* 
 
Institutions using DoD funds to support the use of animals in research, product development, testing 
and education projects must provide electronic copies of the following documents to the Department of 
the Navy (DON) Bureau of Medicine and Surgery (BUMED) Veterinary Affairs Office for review and 
approval prior to initiation: 
 

a.  A copy of their IACUC-approved institutional protocol(s) (BUMED will ONLY review 
approved protocols) and documentation of IACUC approval 
 

b. A copy of all existing IACUC-approved protocol amendments or modifications and 
documentation of IACUC approval (future modifications or amendments must be reviewed 
and approved by BUMED PRIOR to implementation) 

 
c. A completed Appendix for each IACUC-approved protocol. 

 
This requirement also applies to all subcontractors using animals in support of DoD-funded projects or 
programs.   
 
Specific information requested in the following animal use Appendix is derived from requirements in the 
Animal Welfare Regulations (AWRs), the Guide for the Care and Use of Laboratory Animals, and other 
applicable Federal and DoD regulations.  The DoD policies and requirements for the use of animals in 
DoD-supported research, development, testing and evaluation are described in DoD Instruction 
3216.01, dated September 13, 2010 and SECNAVINST 3900.38C, The Care and Use of Laboratory 
Animals in DOD Programs, dated February 16, 2005.  These requirements differ from those of other 
funding agencies.  Use of the Appendix is intended to meet the requirements of these documents. 
 
Questions concerning animal use and review should be directed to BUMED Veterinary Affairs: 
 
Phone:   
Email:  DON – VRPP,  
Mail:  Department of the Navy Bureau of Medicine and Surgery 
   ATTN:  Director for Veterinary Affairs 
   Bldg 1564 Room 122 

1564 Freedman Drive 
Fort Detrick, MD 21702 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Each section of this Appendix must be completed.  To assist you in completing this appendix, instructions and 
explanations are provided as hidden, red and italicized text.  To view the instructions and/or examples for each 
section, select the “Show/Hide ¶” button on your tool bar (the button itself appears as the ¶ symbol).  To print the 
hidden text, select “Print Hidden Text” in the print options section.  It is important that you carefully read the 
instructions for each paragraph to ensure you provide a comprehensive response.  Begin typing responses after 
the colon (“:”) for each section to ensure your typing is not within the hidden text. Submit electronic copies of the 
appendix only; please do not submit printed copies to BUMED. Any section of the Appendix that is not applicable 
to your proposal, e.g., no surgery or no prolonged restraint, should be marked “No” or “N/A”.  There are no space 
limitations for the responses.  
 
It is essential that only animal studies or procedures documented in an IACUC–approved protocol or amendment 
be performed at your facility.  BUMED will collect animal usage information for end-of-year DoD animal use 
reports separate from the grant annual progress reporting requirement throughout the life of your award.  For this 
reason, Principal Investigators or other delegated research personnel should keep accurate records and be able 
to provide an audit trail of all animal use that correlates to their approved protocol.   
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• Column E: List the number of animals that will experience more than momentary or slight pain or distress 
that WILL NOT be alleviated or relieved with anesthetics or analgesics.  If any animals are listed in 
USDA Column E (Unalleviated Pain or Distress), the PI must provide a scientifically valid 
justification for withholding pain relieving medication:.  . 

 
 
3.  Literature Search for Unnecessary Duplication:  This search is required for all animal use 
proposals.  Note the DoD-specific database requirements in subparagraph a. 
 
 a. Literature Source(s) Searched:   

http://www.ntis.gov/products/fedrip.aspxhttp://projectreporter.nih.gov/reporter.cfm  
Federal Research in Progress (FEDRIP)  http://www.ntis.gov/products/fedrip.aspx 
  

or 
 
Research Portfolio Online Reporting Tool Expenditures and Results (RePORTER) 
http://projectreporter.nih.gov/reporter.cfm 

 
 
 b. Date of Search:   
 
 c. Years Covered By Search:   
1987-2021 
 
 d. Key Words and/or Search Strategy:   
Alternatives to hyperbaric oxygen seizures; alternatives to animal models of hyperbaric oxygen seizures 
 
 e. Results of Search:   
For “alternatives to hyperbaric oxygen seizures,” 6 citations were found using PubMed and 4 citations 
were found using Web of Science. The projects varied in scope and are not related to this research. For 
“alternatives to animal models of hyperbaric oxygen seizures,” no matches were identified. 
 
****Questions 4-10 refer to the Research Site and Protocol Principal Investigator.**** 
Information and/or documents required in questions 4-8 should be obtained from the research site’s 
IACUC or veterinary staff.  Documents may be provided directly to BUMED by the Protocol Principal 
Investigator (PI) or institution staffs.  If the Protocol PI prefers that BUMED staff contact the institution to 
obtain this information and/or documents, the PI must specifically request this action in writing.  The 
Protocol PI should contact BUMED (see contact information on cover page) to arrange for submission 
of this written request. 
 
4.  Institutional Animal Care and Use Committee(s) (IACUC) Approval(s):   
 
Institutional Animal Use Protocol Number:  A224-21-11 
 
IACUC (initial) approval 
date: 

Nov 19, 2021 Protocol expiration 
(rewrite) date: 

Oct 31, 2024 

 
5.  Veterinary Care:  Provide a brief description of the veterinary care plan at the research site.  
Describe routine care; weekend, holiday, and emergency care; and identify whether the attending 
veterinarian is on staff full-time or by contract. 
 
While Duke employs multiple veterinarians, the management of veterinary medicine, animal care, and 
facility operations is retained by the Director, Division of Laboratory Animal Resources. Duke accepts 
the American College of Laboratory Animal Medicine’s (ACLAM) “Guidelines for Adequate Veterinary 
Care” (ACLAM 1996) as a core reference document. These guidelines include expectations for 

 

X 
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veterinary access to all animals and their medical records, regular veterinary visits to facilities where 
animals are or may be housed or used, provisions for appropriate and competent clinical, preventive, 
and emergency veterinary care, and a system for legal animal procurement and transportation. The 
Division of Laboratory Animal Resources (DLAR) provides husbandry and veterinary care to centralized 
vivarium operations; husbandry to select satellite facilities, and veterinary care to all satellite and PI-
managed facilities. DLAR has a total of six full-time veterinarians, all are 100% FTE. Duke requires that 
emergency, weekend, and holiday care of animals is performed by qualified personnel. Emergency 
veterinary care is available after work hours, on weekends, and on holidays. In the event of an 
emergency, institutional security personnel and fire or police officials are able to reach people 
responsible for the animals. Notification is enhanced by prominently posting emergency procedures, 
names, or telephone numbers in animal facilities and by placing them in the security department or 
telephone center. Emergency procedures for handling special facilities or operations are prominently 
posted and personnel trained in emergency procedures for these areas. Specifically, DLAR regular 
animal care staff provide weekend and holiday care in core vivaria, while certified PI staff provide 
weekend and holiday care in PI-Managed vivaria. Duties covered on weekends and holidays include:  
• Mortality-morbidity check  
• Food and water check  
• Change caging when excessively soiled or wet  
• Environment check in all animal rooms  
• Medical treatments as prescribed  
 
A Veterinarian and Veterinary Technician (VT) are on call for weekend and holiday coverage. They are 
responsible for all scheduled treatment procedures during this period along with the VT. The VT 
performs most scheduled rodent treatments. Key personnel (Veterinarian, Veterinary Technician and 
Supervisor of Operations Manager) communicate during weekend and holiday periods via pagers and 
cell phones. A disaster plan that takes into account both personnel and animals has been prepared as 
part of the overall safety plan for the animal facility. The colony manager or veterinarian responsible for 
the animals is a member of the appropriate safety committee at Duke, an “official responder” in the 
institution, and a participant in the response to a disaster. Duke’s disaster plan (DP) covers acts of 
nature, terrorism, and other catastrophic events. The DP has been developed within Duke and 
approved by the IO and senior management. The plan takes into account both personnel and animals 
as part of the overall safety plan for the animal facility. The Director, DLAR is a member of the safety 
committee, an “official responder” at Duke, and a participant in the response to a disaster. As part of  
this plan, the Duke police have been involved in the planning and review of the disaster plan. 
 
6. Institutional Accreditation / Assurances:   
 
 a. Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC) 
Accreditation (do NOT provide AAALAC correspondence):   

 

X 
 
Yes 

 

 
 
No 

 
Animal work is being performed at an AAALAC International-accredited facility. 

 
 
 b. Public Health Service Animal Welfare Assurance Statement:  

 

X 
 
Yes 

 

 
 
No 

 
Animal work is being performed at a PHS-assured facility. 

 
 
 c. Non-accredited, Unassured Facilities:  If neither 6.a. nor 6.b. above apply to the facility where 
animal work is being performed, submit a statement signed by the Institutional Official that states the 
care and use of animals will be conducted in accordance with the National Research Council’s Guide 
for the Care and Use of Laboratory Animals and applicable Federal and DoD regulations. 
 
7. Animal Procurement: 
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Yes 

 

X 
 
No 

If the protocol involves Animal Welfare Act-regulated species, are the animals 
obtained legally from suppliers licensed by the USDA?  If the supplier claims 
exemption from USDA licensing, provide confirmation from the research site’s 
IACUC that the exemption criteria have been met.  If work is conducted outside the 
US, have animals been obtained legally in accordance with national policy?  If 
wildlife are used, provide IACUC assurance that animals have been obtained 
legally and provide copies of applicable state, federal and/or international capture 
and use permits. 
 
 

 
8.  Overseas / Foreign Country Animal Work:   

 

 
 
Yes 

 

X 
 
No 

 
Animal work will be performed outside the United States. 

 
If “Yes,” answer the following questions.  
 

a. What is the law or regulation governing the use of animals in research in the research site’s 
host country?  Please provide a copy or link to this law or regulation in English. 
 

b. Does the research site’s host country adhere to European Union (EU) Directive 86/609 or 
EU Directive 2010/63 standards of animal housing and care? 
 

c. If the research site is in Canada, does the institution hold a Canadian Council on Animal 
Care (CCAC) certificate? 
 

d. Does the research site adhere to any national or international standards of animal housing 
and care that are more stringent than the host country’s laws or regulations (such as 
AAALAC or CCAC)?  If so, please describe below or provide a document, in English, that 
describes these standards. 
 

e. Does the research site’s host country or local institute require a local ethical committee 
review or Animal Care and Use Committee review?  If so, please describe below or provide 
a document, in English, describing the committee’s membership, purpose, authority and 
function. 

 
9.  Site Visits 
 
 Yes X No Does animal work involve at least one of the following species:  dogs, cats, 

nonhuman primates, marine mammals?  If yes, provide a planned start date 
for work in these species and point of contact for site visit coordination.  
Based on accreditation status, species used, and type of research 
conducted, a site visit to the performance site may be required. 
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10.  Protocol Principal Investigator Assurances:   
 
The law specifically requires several written assurances from the P.I.  Please read and sign the 
assurances as indicated (this page may be photocopied and signed). 
 
 As the Principal Investigator on this protocol, I acknowledge my responsibilities and provide 
assurances for the following: 
 
 A.  Painful Procedures:  I assure that discomfort and injury to animals will be limited to that which is 
unavoidable in the conduct of scientifically valuable research and that analgesic, anesthetic, and/or 
tranquilizing drugs will be used where indicated and appropriate to minimize pain and/or distress to 
animals. 
 
 B.  Animal Use:  The animals authorized for use in this protocol will be used only in the activities 
and in the manner described herein, unless a modification is specifically approved by the IACUC and 
the DoD Department of the Navy Bureau of Medicine and Surgery (BUMED) Veterinary Affairs Office 
prior to its implementation. 
 
 C.  Duplication of Effort:  I have made a reasonable, good faith effort to ensure that this protocol is 
not an unnecessary duplication of previous experiments. 
 
 D.  Statistical Assurance:  I assure that I have consulted with a qualified individual who evaluated 
the experimental design with respect to the statistical analysis, and that the minimum number of 
animals needed for scientific validity will be used. 
 
 E.  Training:  I verify that the personnel performing the animal procedures/manipulations/ 
observations described in this protocol are technically competent and have been properly trained to 
ensure that no unnecessary pain or distress will be caused to the animals as a result of the 
procedures/manipulations. 
 
 F.  Responsibility:  I acknowledge the inherent moral, ethical and administrative obligations 
associated with the performance of this animal use protocol, and I assure that all individuals associated 
with this project will demonstrate a concern for the health, comfort, welfare, and well-being of the 
research animals.  Additionally, I pledge to implement animal use alternatives where feasible, and 
conduct humane and lawful research. 
 
 G.  Scientific Review:  This proposed animal use protocol has received appropriate peer scientific 
review, and is consistent with good scientific research practice. 

  
(Protocol Principal Investigator Printed Name)  (Protocol Principal Investigator Signature and Date) 
 
NOTE:  In accordance with SECNAVINST 3900.38C, the DON BUMED Veterinary Affairs Officer (or 
designee thereof) will conduct a site visit to all sites using nonhuman primates, dogs, cats or marine 
mammals in the proposal, or where a site visit is deemed warranted. 
 

March 18, 2022(b) (6) (b) (6)



Duke University 
Institutional Animal Care and Use Committee 

Approval Letter 
 

Office of Animal Welfare Assurance                                                                                                                                                                                                     Voice  

Campus Mail:          Fax: 919.668.6725 
US Mail:                                                                                                                                                         https://dacup.duke.edu/ 

 

The Duke University Animal Care & Use Program is committed to advancing healthcare for humans and animals  

through compassionate care and progressive animal use. 

November 19, 2021 
 
RE: Protocol Registry Number A224-21-11; Protocol Title The Role of GABA in Susceptibility to Oxygen Toxicity with Repeated HBO2 
Exposure 
 
Dear Dr. Heath Gasier,  
 
On November 18, 2021 the Duke Institutional Animal Care and Use Committee (IACUC) reviewed and approved the above 
referenced protocol.   
 
The terms of this approval are as follows: 
- Approval Period:  This protocol is approved through October 31, 2024 unless otherwise terminated. If this protocol will continue 

beyond this approval period, the Duke IACUC will require a complete review by Full Committee Review or Designated Member 
Review and approval prior reaching the expiration date indicated.  

- Continuing Review(s): Annual IACUC reviews will be performed if this protocol meets specific criteria that requires an annual 
review by the Duke IACUC or upon request. In addition, the IACUC can re-review any/all components of this protocol at any time. 
Reference: Protocol Management (New Protocols, Amendments, and Continuing Review). 

- Principal Investigator Responsibilities:  Use of animals must be in accordance with all applicable federal, funding, local, and 
institutional regulatory and oversight requirements. This includes but is not l imited to the Animal Welfare Act/Regulations, Public 
Health Services Policy on Humane Care and Use of Laboratory Animals, the Guide for the Care and Use of Laboratory Animals, the 
NIH Grants Policy Statement, VHA Handbook, the DOD Animal Care and Use Review Office requirements, AAALAC International, 
and Duke Animal Use Policies and SOPs.  Please note, certain granting agencies (e.g. Department of Defense) also require their 
review and approval of the original protocol and any amendments prior to performing the animal work. 

- Approved Number of Animals:  You are responsible for using the minimum number of animals required to obtain valid results. 
You are required to track and document animal use by utilizing the processes established by the Duke Animal Care and Use 
Program. Reference: Animal Number Justification and Tracking and associated SOP(s).  

- Protocol Personnel:  All personnel working with animals under this protocol must be appropriately qualified and experienced to 
perform their role in the animal activity. Reference: Training and Continuing Education for Animal Researchers and Care Staff.  

- Exemptions or departures: IACUC approved exceptions, exemptions, and/or departures to animal welfare standards must only be 
performed as described in the approved IACUC protocol. 

- Modifications/Amendments:  Animal activities can only be performed as described in the approved IACUC protocol. New animal 
activities or other protocol modifications cannot be initiated until final IACUC approval is obtained (e.g., amendment).  

- Reporting requirement: All unforeseen, adverse, non-compliant, and animal welfare concerns/events should be reported as 
outlined in the policy IACUC Notifications.   

- Post-approval monitoring: Post-approval monitoring is required for all IACUC approved animal activities at Duke. More 
information on post-approval monitoring can be found in the policy Post-approval Monitoring.  

 

Visit the animal program website for links to all the resources indicated, updates, and additional information 
(https://dacup.duke.edu/).  For questions please contact the Duke Office of Animal Welfare Assurance 919-668-6720; 
IACUC@Duke.edu. 
 
Please do not hesitate to contact us if there is anything that we can do to facilitate your research. 
 
Sincerely, 

(b) (6)
(b) (6)
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Duke IACUC

From: Dr Heath Gasier, Ph.D.
Sent: Wednesday, October 27, 2021 1:43 PM
To: Duke IACUC
Subject: RE: Renewal_A023-19-01
Attachments: A-G_Renewal for A023-19-01.pdf; I-Transportation_Renewal for A023-19-01.pdf; M-

Non-Surgical_Procedures_Renewal for A023-19-01.pdf; P-
Transgenic_or_Knockout_Animal_Use_Renewal for A023-19-01.pdf; T-PI Managed
Housing_Renewal for A023-19-01.pdf

, 

Made the changes, as well as a couple other ones, so please use these documents going forward. 

1.  will have no handler role (changed).
2.  will not be breeding animals (changed).
3. Also changed number of animals used on this protocol (+77 from what is listed; changed).
4. Section T added, will be housed in  for <4 weeks.

Heath 

From: Duke IACUC <iacuc1@win.duke.edu>  
Sent: Wednesday, October 27, 2021 11:41 AM 
To: Dr Heath Gasier, Ph.D. <heath.gasier@duke.edu> 
Subject: RE: Renewal_A023‐19‐01 

Good morning Dr. Gasier,  

Thank you for your IACUC renewal application.  I have reviewed it administratively and have the following clarifications:  

‐ Section A3:  
o  is indicated as having an animal handler role, however the role described and his Section G

indicate a non‐animal handler.  Please confirm if he will have an animal handling role or not.
o  animal handling role is described as breeding, however there was no section Q attached

for animal breeding.  If this is needed please submit.
‐ Section A8 & C1:  

o You’ve checked the box for the supplemental section T for PI managed housing as well as listed Building
 as PI managed housing greater than 24 hours.

 If you will be housing mice in a non‐centrally managed location for greater than 24 hours, a
Section T is required.

 Please clarify if you will need PI managed housing or if this location will only be used for non‐
surgical procedures for less than 24 hours.

 Reference: PI Managed Housing Facilities policy

Thank you,  

 
Office of Animal Welfare Assurance 

(b) (6)

(b) (6)
(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)
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Durham, NC 27705 
Office  
https://dacup.duke.edu 
 
 

 
 
 
 

From: Dr Heath Gasier, Ph.D. <heath.gasier@duke.edu>  
Sent: Tuesday, October 26, 2021 3:53 PM 
To: Duke IACUC <iacuc1@win.duke.edu> 
Subject: Renewal_A023‐19‐01 
 
This submission is for the upcoming renewal (1/22) for A023‐19‐01, PI Heath G. Gasier,  . 
 
vr 
 
Heath 
 

Heath G. Gasier, PhD, RD 
Assistant Professor in Anesthesiology 
Center for Hyperbaric Medicine & Environmental Physiology 

 

 

 

(b) (6)

(b) (6)

(b) (6)

(b) (6)
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From:
Sent: Wednesday, October 27, 2021 2:12 PM
To: OESO Animal Protocols
Subject: 7N Gasier A224-21-11
Attachments: 7N Gasier A224-21-11_FCR.pdf

Good afternoon,  
 
Please see the attached new protocol for your review.  
 
 
Thank you,  

 

 
Durham, NC 27705 

 
https://dacup.duke.edu 
 
 

 
 
 

(b) (6)
(b) (6)

(b) (6)

(b) (6)
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From:
Sent: Wednesday, October 27, 2021 2:15 PM
To:
Subject: 7N Gasier A224-21-11 - Vehicle and PI-Managed Housing
Attachments: 7N Gasier A224-21-11_FCR.pdf

Good afternoon,  
 
Please see the attached new protocol that has a vehicle and PI Managed housing for facilities clearance.  
 
Thank you,  

 

 
Durham, NC 27705 

 
https://dacup.duke.edu 
 
 

 
 

(b) (6)
(b) (6)

(b) (6)

(b) (6)

(b) (6)
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Durham, NC 27705 

 

 
Web: https://dacup.duke.edu/ 
 

(b) (6)

(b) (6)

(b) (6)



Revised 2/2012 Please email questions/documentation to safety@duke.edu or call 684-2794

Duke University Institutional Animal Care and Use Committee (DUIACUC) 
Occupational and Environmental Safety Office Hazardous Agent Review

PI: Heath G. Gasier

Project: The Role of GABA in Susceptibility to Oxygen Toxicity with Repeated HBO2 Exposure

Housing Location:       REG#: A224-21-11

Dept/Div:   Medicine / Pulmonary / Hyperbaric Center Date Received: 11/09/2021

OAWA Contact:

Biological Agents BSL2 BSL3BSL1Cleared For:

Conditional

Transgenic/KO  Micro-Organisms   rDNA/IBC/IRE
Human MaterialBiological Toxins

Comments:
NIH exempt breeding: mCherry-GFP-FIS1(101-152) in the mouse Rosa26 locus of C57BL/6 
background.

Reviewed by: Date: 11/09/2021

Chemical Agents Cleared 

Conditional

Hazardous Chemicals  Hazardous Drugs  

Fixed Tissue   

Comments:
 
Isoflurane in a bell jar on 4x4 gauze below a raised platform to separate mice for contact with the isoflurane. 
[CAS: 26675-46-7] GHS Lookup Tool. STOT-Repeated Exposure, Category 2. Narcotic Effects, Category 3. Hazardous. must be used with an effective mechanism 
of waste gas scavenging (see The Safe Use of Anesthetic Gases  policy found on the Duke Animal Care and Use Program Policies webpage). https://dacup.duke.
edu/safe-use-anesthetic-gases (login required). Follow safety guidelines for applicable hazards when using. If using a charcoal canister for scavenging, this 
must be submitted as chemical waste through OESO, not disposed in the trash. No special animal handling precautions. 
 
 
Tiagabine (TGB, Gabitril)[145821-59-6]:  
Not a hazardous substance or mixture (Sigma SML0035 SDS). 
 
 
 
 

Reviewed by: Date: 11/09/2021

Radiation Sources Cleared 

Conditional

Isotopes  

Irradiator

X-Ray   

Laser   

Comments:

Reviewed by: Date:

Lab Audit Cleared 

Conditional
Next Audit Due: 12/17/2021

Comments:

Reviewed by: Date: 12/17/2020

(b) (6) (b) (6)

(b) (6)

(b) (6)

(b) (6)
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From:
Sent: Wednesday, November 10, 2021 2:05 PM
To: Dr Heath Gasier, Ph.D.
Subject: Review of Protocol A224-21-11 (Agenda 7N)
Attachments: Gasier Review A224-21-11 7N.docx

Dr. Gasier, 
 
Please see the attached veterinary review of your recently submitted animal care and use protocol. 
You should reply within the attached document, unless otherwise requested, and send this back 
to me. 
If you could have responses back by November 16, 2021, this will help facilitate review and approval 
of your protocol at the upcoming IACUC meeting.   
 
Please let me know if there are any questions. 
 
Thank you, 

 
 
 

 
Division of Laboratory Animal Resources 
Duke University Medical Center 
Office:    
 

(b) (6)
(b) (6)

(b) (6)

(b) (6)

(b) (6)



To:  Dr. Heath Gasier 
Registry Number: A224-21-11 
Agenda Sequence:  7N 
Protocol Title:   The Role of GABA in Susceptibility to Oxygen Toxicity with Repeated HBO2 
Exposure 
Requested Action: Please consider and respond to me as soon as possible 
 
The Duke Institutional Animal Care and Use Committee (IACUC) will review your animal use 
application shortly. In preparation for a smooth review process and with the hope for a more rapid 
approval of your proposal, please review and respond to the following veterinary review concerns. All 
responses and documents related to this protocol should be sent via the principal 
investigator’s “duke.edu” email account; this will serve as the electronic signature.  
 
 
CONCERN NUMBER 1. ROLE DELINEATION (A3) 
Please clarify what procedures described in the protocol application that  will be 
responsible for. 
 
CONCERN NUMBER 2. ANIMAL WELL-BEING (D6) 
The narrative states that mice that show extended time of seizures will be euthanized, but it is unclear 
how long this is. 
Please clarify what the maximum time of seizure activity that will be allowed prior to euthanasia. 
 
CONCERN NUMBER 3. EUTHANASIA (E1) 
Please confirm that all animals that undergo cervical dislocation under anesthesia will also have a 
visible confirmatory method performed (i.e. bilateral thoracotomy, decapitation). 
 
CONCERN NUMBER 4. NARRATIVE OF NON-SURGICAL PROCEDURES (M1) 
Please provide the maximum volume administered for the IP Injections. 
 
CONCERN NUMBER 5. NARRATIVE OF NON-SURGICAL PROCEDURES (M1) 
Please provide the method of restraint used for the tail vein blood collection procedures. 
 
CONCERN NUMBER 6. MONITORING AND HUMANE ENDPOINTS (M12) 
This section describes daily monitoring for 3 days post HBO2, but the protocol application describes 
studies where animals will be housed for more than 3 days post HBO2 exposure.  Please clarify how 
animals are monitored for the entire duration that they are housed under the protocol, which is until 
euthanasia. 
How often are animals that undergo multiple HBO2 exposures monitored between exposures? 
  
CONCERN NUMBER 7. MONITORING AND HUMANE ENDPOINTS (M12) 
Please confirm that animals are monitored continuously during the time that seizures are anticipated. 
 
 
 
While these are the only clarifications requested from the veterinary review, the IACUC Primary 
Reviewer may contact you for additional clarifications. Please respond as quickly as possible within 
this document with your clarifications of the concerns identified in this document. 

(b) (6)



 
Please DO NOT amend your application for animal use, unless specifically requested to do so. 
Submission of an amended protocol at this stage of the process may impede the overall review, since 
it will require a complete re-review and may delay approval.  
 
Thank you for your time and effort in this regard. We appreciate your partnering with us to secure a 
complete review package for the IACUC’s consideration. Our goal is a more rapid approval process 
for your research laboratory, while assuring institutional regulatory compliance, as dictated by the 
Animal Welfare Act and the Public Health Service (NIH) policy. 
 
Best Wishes, 
 
   
  Division of Laboratory Animal Resources 
  Duke University Medical Center 
 

(b) (6)
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From:
Sent: Tuesday, November 16, 2021 2:32 PM
To: Dr Heath Gasier, Ph.D.
Subject: RE: Review of Protocol A224-21-11 (Agenda 7N)
Attachments: Gasier Review A224-21-11 7N_Resolved.pdf

Hi Heath, 
 
Thank you for the responses to the review. 
 
The review concerns are resolved.  I have attached the document to reflect this for your protocol records.  This will also 
be placed in and become part of the medical record. 
 
The protocol will be presented at the IACUC meeting this Thursday. 
 
Thanks again, 

 
 

 
Division of Laboratory Animal Resources 
Duke University Medical Center 
Office:    
 

From: Dr Heath Gasier, Ph.D.  
Sent: Thursday, November 11, 2021 9:15 AM 
To:   
Subject: RE: Review of Protocol A224‐21‐11 (Agenda 7N) 
 

Good morning  
 
Attached are the answers to your questions/concerns. Please let me know if you need more detail. 
 
Thank you. 
 
vr 
 
Heath 
 
From:    
Sent: Wednesday, November 10, 2021 2:05 PM 
To: Dr Heath Gasier, Ph.D.   
Subject: Review of Protocol A224‐21‐11 (Agenda 7N) 
 

Dr. Gasier, 
 
Please see the attached veterinary review of your recently submitted animal care and use protocol. 

(b) (6)
(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)
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You should reply within the attached document, unless otherwise requested, and send this back 
to me. 
If you could have responses back by November 16, 2021, this will help facilitate review and approval 
of your protocol at the upcoming IACUC meeting.   
 
Please let me know if there are any questions. 
 
Thank you, 

 
 
 

 
Division of Laboratory Animal Resources 
Duke University Medical Center 
Office:    
 

(b) (6)

(b) (6)

(b) (6)





CONCERN RESOLVED 
 
CONCERN NUMBER 5. NARRATIVE OF NON-SURGICAL PROCEDURES (M1) 
Please provide the method of restraint used for the tail vein blood collection procedures. 
Response: This will be a two person procedure. One person will restrain the mouse by placing their 
thumb and index finger on the dorsal neck and grasp the skin with one hand and extend the lower 
extremities with the other. The animal will be on a flat surface. The other person will collect the blood 
from the tail. This procedure generally takes 5-15 seconds. 
 
CONCERN RESOLVED 
 
CONCERN NUMBER 6. MONITORING AND HUMANE ENDPOINTS (M12) 
This section describes daily monitoring for 3 days post HBO2, but the protocol application describes 
studies where animals will be housed for more than 3 days post HBO2 exposure.  Please clarify how 
animals are monitored for the entire duration that they are housed under the protocol, which is until 
euthanasia. 
How often are animals that undergo multiple HBO2 exposures monitored between exposures? 
Response: Animals will be monitored twice daily (morning and late afternoon).  
  
CONCERN RESOLVED 
 
CONCERN NUMBER 7. MONITORING AND HUMANE ENDPOINTS (M12) 
Please confirm that animals are monitored continuously during the time that seizures are anticipated. 
Response: Mice are monitored from the time they enter the chamber until the time they are removed, 
encompassing the entire compression, HBO2 exposure, and decompression periods. 
 
CONCERN RESOLVED 
 
While these are the only clarifications requested from the veterinary review, the IACUC Primary 
Reviewer may contact you for additional clarifications. Please respond as quickly as possible within 
this document with your clarifications of the concerns identified in this document. 
 
Please DO NOT amend your application for animal use, unless specifically requested to do so. 
Submission of an amended protocol at this stage of the process may impede the overall review, since 
it will require a complete re-review and may delay approval.  
 
Thank you for your time and effort in this regard. We appreciate your partnering with us to secure a 
complete review package for the IACUC’s consideration. Our goal is a more rapid approval process 
for your research laboratory, while assuring institutional regulatory compliance, as dictated by the 
Animal Welfare Act and the Public Health Service (NIH) policy. 
 
Best Wishes, 
 
   
  Division of Laboratory Animal Resources 
  Duke University Medical Center 
 

(b) (6)
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Duke IACUC

From: Duke IACUC
Sent: Friday, November 19, 2021 9:30 AM
To: Dr Heath Gasier, Ph.D.
Cc:
Subject: Approved - IACUC Meeting Results for Protocol A224-21-11
Attachments: 7N Gasier A224-21-11_Approved.pdf

Please see your attached approval letter for protocol A224‐21‐11. 
 
  
For information on the responsibilities of a PI, please visit the 
program policy HERE 
 

(b) (6)



  
 
 United States Department of Agriculture MMCBRIDE 
 Animal and Plant Health Inspection Service  2016090000667812 Insp_id 
 

Inspection Report 
 

 

 
 

Prepared By:   Date: 

 USDA, APHIS, Animal Care  27-JUL-2021 
Title: VETERINARY MEDICAL 

OFFICER 
   

     
     

Received by Title: Registrant  Date: 

    27-JUL-2021 
Page 1 of 1 

DUKE UNIVERSITY 

Office Of Animal Welfare Assurance 
2424 Erwin Rd Ste 606 
DURHAM, NC 27705  

Customer ID: 863 

Certificate: 55-R-0003 

Site: 001 
 DUKE UNIVERSITY 
  
  
  

Type: ROUTINE INSPECTION 

Date: 26-JUL-2021 
 

 

No non-compliant items identified during this inspection. 

 

This inspection and exit interview were conducted with facility representatives.  

 

Additional Inspectors: 

, VETERINARY MEDICAL OFFICER   (b) (6)

(b) (6)



  
 
 United States Department of Agriculture Customer: 863 
 Animal and Plant Health Inspection Service Inspection Date: 26-Jul-2021 
 

Species Inspected 
 

Cust No Cert No Site Site Name Inspection 
863 55-R-0003 001 DUKE UNIVERSITY 26-JUL-2021 

 

Page 1 of 1 

 

Count Scientific Name Common Name 

000012  Canis lupus familiaris DOG ADULT 
000002  Felis silvestris catus CAT ADULT 
000062  Macaca mulatta RHESUS MACAQUE 

000026  Sus scrofa domestica 
DOMESTIC PIG / POTBELLY PIG / 
MICRO PIG 

000179  Oryctolagus cuniculus 
DOMESTIC RABBIT / EUROPEAN 
RABBIT 

000007  Papio anubis OLIVE BABOON 
000028  Mustela putorius furo DOMESTIC FERRET 

000014  Macaca fascicularis 
CRAB-EATING MACAQUE / 
CYNOMOLGUS MONKEY 

000040  Mesocricetus auratus SYRIAN / GOLDEN HAMSTER 
   
000370 Total    
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



RIC IACUC DC # 027.2 
Effective 10/18 
Page 1 of 2 
 

SATELLITE ANIMAL FACILITY DISASTER RESPONSE PLAN 
Research Integrity & Compliance 

University of South Florida 
email  

Completed forms should be saved as a PDF and uploaded into the ARC system viewable at:   
https://ARC.research.usf.edu/prod/  

 
    
 (Satellite Animal Facility Location 
Emergency/Disaster Response Plan for  e.g., Bldg., Room #) 
 
1. Satellite animal facilities are locations where animals are maintained/housed >12 hours, which are not managed or 

attended to daily by Comparative Medicine staff, but instead are overseen by the Principal Investigator (PI) and research 
staff. 

 
2. Any facility may be subject to unexpected conditions that results in the catastrophic failure of critical systems, significant 

personnel absenteeism, or other unexpected events that severely compromise ongoing animal care and well-being. 
 
3. All animal facilities, including satellite animal facilities, must have a disaster plan. 
 
4. This disaster plan has been established in conjunction with the PI directing animal activities within the satellite animal 

facility, as an addendum to existing institutional plans and policies, and takes into consideration personnel safety, 
the priorities for triaging animal populations, and institutional needs and resources. 

 
5. This plan defines the actions necessary to ensure personnel safety and prevent animal pain, distress, and deaths, with 

consideration for potential natural disasters (e.g., flooding, tornado, hurricane, severe storms), operational disasters 
(e.g., loss of systems that control ventilation, cooling, heating, provision of potable water), and/or security/technological 
disasters (e.g., civil disturbance, biological or chemical hazards) and describes how, in the event of a disaster, the 
satellite facility will respond. 

 
6. Veterinarians are provided access to animals housed in all satellite animal facility locations. 

 
7. This plan will be reviewed by the IACUC and, upon its approval, will become part of the overall institutional disaster 

response plan coordinated by the IO. 
 
8. This addendum plan includes that: 
 

a. Efforts will be taken to ensure personnel safety and security first during and immediately after a disaster, 
followed by the safety and welfare of the animals in our care. 

 
b. After ensuring personnel safety, animals that are irreplaceable and necessary for research activities will 

be provided with daily care. If campus lock-down is projected, consider whether offering supplemental feed 
and drinking water contributes to the long-term care of animals in the event access to the satellite facility may 
become limited. 

 
c. Animals that cannot be cared for, or provided with supplemental feed and drinking water, or 

relocated, or protected from the consequences of the disaster will be euthanized. 
 

d. Sufficient preparation will occur beforehand (e.g., staff understand the specific personnel and animal 
protective measures, the location of emergency response kits, and that the status of inventories of feed, 
water, sanitation, and protective supplies should be confirmed), as will clear and immediate 
communication, both of which are acknowledged as critical keys to successfully managing all disaster 
situations. 

 
e. Each individual listed below is familiar with this plan, evacuation routes, locations of telephones, fire alarms 

and extinguishers, first aid kits, emergency response kits, emergency shower and eyewash stations, and 
emergency supplies, as applicable. 

 

(b) (6)(b) (6)(b) (6)

(b) (6)(b) (6)(b) (6)(b) (6)(b) (6)



RIC IACUC DC # 027.2 
Effective 10/18 
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f. In the event of an emergency, law enforcement and emergency personnel are able to reach the personnel 
responsible for animals, below, by prominently posting in the satellite animal facility these emergency 
contact names and telephone numbers, and will assist them with access. 





RESEARCH PROPOSAL SUBMITTED TO THE OFFICE OF NAVAL RESEARCH 
 
PROPOSAL TITLE:   Assessment of Kv2.2 channels as therapeutic targets for oxygen toxicity in 

rats following HBO exposure  
 
LABORATORY:  Naval Medical Research Center 
   Undersea Medicine Department 
   503 Robert Grant Avenue 
    Silver Spring, MD 20910-7500 
 
PRINCIPAL INVESTIGATOR: Aaron Hall, Ph.D. 
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PROPOSED START DATE:  1 JULY 2022 
 
PROPOSED BUDGET ($):  

  DIRECT INDIRECT TOTAL 
FY22    

    
TOTAL    
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C.  Statement of Objectives:   

 Enriched oxygen breathing gases are used extensively in closed circuit under water 

breathing apparatus (CC-UBA) systems to increase stealth and reduce the amount of dive time 

dedicated to decompression.  Prolonged exposure to hyperbaric oxygen (HBO) with a pO2 

greater than 0.4ATA (140kPa) increases the prevalence of oxygen toxicity (1), which effects 

several tissue beds including: skeletal muscle, lung, and the CNS. These effects present as 

symptoms such as fatigue and tracheobronchitis (2).  Manifestation of these symptoms can have 

a deleterious impact on diver safety, comfort, and mission effectiveness.  

 Voltage-gated potassium channels regulate cell function globally, with profound effects 

on cellular and system level homeostasis.  The primary function of these channels is to both 

regulate cell membrane potential and to repolarize the cell membrane following an action 

potential (3). In a human study at NSMRL, the potassium chanel Kv2.2 was identified as 

functionally enriched in the blood after a 6.5hr, 2.0ATA HBO exposure. Kv2.2 has not been 

previously studied under hyperoxic conditions. Kv2.2 is an oxygen sensitive voltage gated 

potassium channel (4). 

The objective of this study is to determine whether Kv2.2 function contributes to the 

manefestation of oxygen toxicity in rats and is thus a target for countermeasure development. 

 

D.  Statement of Hypotheses and Specific Research Aims: 

We hypothesize that pharmacological/biological manipulation of Kv2.2 activity will 

modify oxygen toxicity symptoms associated with HBO exposure.  Our specific research aims 

are: 

1.)  Determine effect of Kv2.2  antagonists on pulmonary oxygen toxicity in rats 

following a 6.5hr 2.0ATA HBO exposure.   

2.) Determine the effect of Kv2.2 agonists on pulmonary oxygen toxicity in rats 

following a a 6.5hr 2.0ATA HBO exposure 

 

 

 

  

E. Statement of the Approach:  
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  has a well-established rodent HBO model which will be used for this study.  Rats 

will have a baseline assessment of muscle and pulmonary function, be randomized to receive 

intervention, and then be compressed to 2.0 ATA on oxygen for 6.5 hours. Rats will then have 

functional assessment of muscle and pulmonary function and be euthanized for blood and tissue 

collection. This 2.0 ATA oxygen model was selected to mirror the conditions of the human 

study.  

  

F.  Statement of Significance: 

  One of the major limiting factors for Navy Divers utilizing rebreather diving rigs (MK 16 

or MK 25) is limited bottom time due to the manifestation of oxygen toxicity symptoms.  

Increasing the capacity to utilize higher pO2 during diving missions will reduce decompression 

obligations and improve mission capability by directly shifting a greater proportion of dive time 

away from decompression towards mission execution.  Currently it is recognized that diver 

physiology is a limiting factor in diving operations.  The current study seeks to identify new 

targets to enhance tolerance to HBO while simultaneously preserving diver safety and comfort.   

    

G.  Key Word/Phrase Listing: 

 Oxygen toxicity, hyperbaric oxygen, Voltage Gated Potassium Channels, Rodents. 

H.  Body of Proposal:  

 

1. The Idea 

Human studies conducted at NSMRL indicated that the Kv2.2 channel was upregulated 

in the serum of individuals exposed to a 2.0ATA hyperbaric oxygen exposure for 6.5 hours 

which induced symptoms of pulmonary oxygen toxicity.  Kv2.2 has not been studied under 

conditions of hyperbaric hyperoxia. We propose to examine whether blockade or stimulation of 

the Kv2.2 changes the onset of pulmonary injury associated with HBO exposure. 

 

 

 

2. Introduction and Background  

(b) (6)
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Prolonged hyperbaric oxygen exposure produces symptoms in the lungs, central nervous 

system, and skeletal muscle. 

A study conducted at 

NSMRL exposed human 

subjects to a 2.0ATA 

hyperbaric oxygen exposure 

for 6.5hrs. Blood samples 

collected pre-dive and 1hr 

post-dive were analyzed for 

changes in protein content 

which demonstrated 

functional enrichment of 3 

proteins, APOD, KCNB2 

(Kv2.2), and VP13C (Figure 

1). KV2.2 is an oxygen sensitive potassium channel subunit which assists with repolarization of 

membrane potential after action potentials in a variety of tissues including vascular endothelium, 

skeletal muscle, and brain. Due to this oxygen sensitivity, we propose to examine the role Kv2.2 

channels play in the development of symptoms associated with HBO toxicity.  

Kv2.2 channels belong to the Shab subfamily of potassium channel subunits and form 

both homodimers and heteromeric channels with potassium channel subunits from other 

subfamilies such as Kv8.2 (5). These channels regulate repolarization rates following action 

potentials and are involved in sleep/arousal (6), smooth muscle function (7), and pulmonary 

vascular function (8). In vivo, these channels are activated by nitric oxide (9) and have an 

oxygen sensitivity (4). 

 

3. Technical Approach 

To evaluate Kv2.2 channels as therapeutic targets for oxygen toxicity we will execute 2 

aims of study. In aim 1, we will use the tarantula based toxin GxTx1E to antagonize the Kv2.2 

channel in vivo prior to exposure to a 6.5hr 2.0ATA HBO exposure. In aim 2, we will indirectly 

activate the Kv2.2 channel using the guanylyl cyclase agonist Riociguat then antagonize Kv2.2 

function using GxTx1E to determine the relative contribution of Kv2.2 to any effects on oxygen 

Figure 1: Volcano Plot showing functional changes in serum 
proteins following a 6.5hr 2.0ATA HBO exposure in human 
subjects 
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toxicity observed. Due to gender differences observed with oxygen exposure and Kv2.2 

expression/function both male and female groups will be studied.  

Aim 1: Rats (n=48) will be randomized into 4 groups (n=12/group) consist of an equal number 

of male and female rats: Control Air, Control HBO, GxTx1E Air, GxTx1E HBO. Following 

standardized acclimatization, rats will have baseline functional assessments of peripheral muscle 

strength and pulmonary function. Rats will then receive toxin (or control) injection and be placed 

in a hyperbaric chamber. The rat will be pressurized to 2.0ATA, have their breathing gas 

switched to 100% oxygen, and be held for 6.5 hours. Following the 6.5hour exposure the rats 

will be returned to surface and have post-dive assessment of muscle and pulmonary function.  

 

Aim 1: Rats (n=48) will be randomized into 4 groups (n=12/group) consist of an equal number 

of male and female rats: Control Air, Control HBO, Riociguat HBO, Riociguat+GxTx1E HBO. 

Following standardized acclimatization, rats will have baseline functional assessments of 

peripheral muscle strength and pulmonary function. Rats will then receive toxin (or control) 

injection and be placed in a hyperbaric chamber. The rats will be pressurized to 2.0ATA, have 

their breathing gas switched to 100% oxygen, then be held for 6.5 hours. Following the 6.5 hour 

exposure the rats will be returned to surface and have post-dive assessments of muscle and 

pulmonary function.  

  

The following functional parameters will be measured in all rats over the course of the HBO 

exposure study: 

1.) Peripheral muscular strength and fatigue resistance – This endpoint will determine 

how afferent signaling affects local muscular fatigue in the absence of central motor 

input by assessing time required to reach 50% of maximal tetanic force production in 

rodent hind limb muscle via electrical stimulation (120hz) of the motor nerve (central 

fatigue) or stimulation (120hz) of the motor end plate (peripheral fatigue).   

Somatosensory evoked potentials (SEP) will be recorded using a stimulator 

(Stimulator  S 88, Grass, Quincy, MA) and EEG amplifier (Wide band A. C. pre-

amplifier, 7P3c and Polygraph D.C. driver amplifier. Data will be sampled at a rate of 

1 kHz on PC and exported for off-line analysis. 
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2.) Pulmonary function- This endpoint will determine how afferent signaling effects 

pulmonary function in un-anesthetized rats using whole body plethysmography.  The 

specific endpoint used will be enhanced pause (Penh), which is a dimensionless unit 

that correlates with pulmonary resistance, in addition to minute ventilation, tidal 

volume, and respiratory rate. A hypercapnic challenge protocol will be utilized to 

evaluate ventilation responsiveness.  This measurement will be measured using a 

whole-body plethysmograph (Buxco Electronics Ltd., NY) connected to a standalone 

PC running Fine-Point software and exported for off-line analysis. 

 

Oxygen toxicity parameters 1 and 2 will be measured pre-dive and post-dive. After the 

functional assessment, the rats will be euthanized and histological examination of the 

gastrocnemius muscle and the lungs will be conducted. 

 

4. Transition Plan 

Once the described experiments are completed, the results will be submitted for publication in a 

peer reviewed journal.  The findings from this research study will be shared with  

at ONR in the form of regular research reports.  Final results will also be shared with 

 to support the ongoing manned diving experiments utilizing the HBO model 

used in this study. Additionally, if one of the treatment groups demonstrates improved outcomes 

following HBO exposure, a follow on study will be submitted to ONR to transition these 

findings to a higher order animal model.  

I. Facilities available:   

The diving experiments outlined in this application will be performed at  where all the 

necessary equipment is available and operational for use.  These include:  
 

A. Hyperbaric Labs Capability Summary 

General:  The hyperbaric laboratories  presently contain 7 hyperbaric 

chambers ranging in size from 0.5 to 30 cubic feet floodable volume.  The chambers 

support Research Programs in Decompression Sickness and Oxygen Toxicity.  

Capabilities are available for single or multiple small animals as well as single or 

multiple large animals.   

(b) (6)

(b) (6)

(b) (6)

(b) (6)



  8 

Depth Hull # Floodable 
Volume 

Pressure Depth 
(fsw) 

Depth 
(ATA) 

Gas Capabilities 

H-176-1 (H2) 5 CF 500 psig 1120 35 Air & Mixed Gas (HeO2) 
H-209 5 CF 500 psig 1120 35 Air & Mixed Gas (HeO2) 
H-192 20 CF 325 psig 730 23.0 Air Chamber , w/ O2 or Air closed 

circuit overboard dump 
H184 (H1) 5 CF 325 psig 730 23.0 Air, O2, & N2 
H-140 5 CF 115 psig 258 8.8 O2 & N2 
MLAC 450 CF  550 psig 1230 38 Air Chamber , w/ O2, Air, or Mixed 

Gas closed circuit overboard dump 
SSAC – (4 chambers) .025 CF 35 psig 78 3.3 Air, O2, N2, Mixed Gas 
SRC .065 CF 35 psig 78 3.3 O2 & N2 

Breathing Gas:  Various configurations allow for many combinations of gas delivery.  

Some chambers require subjects to breathe directly from the chamber atmosphere, while 

others are designed with a closed circuit overboard dump breathing system.  These 

systems allow switching of the breathing gas on the fly during diving operations 

independent of the chambers atmosphere. 

Gas Analysis:  Sample points throughout the systems monitor and control Oxygen and 

Carbon Dioxide in both the chamber atmosphere and the auxiliary systems. 

Infusion:  Venous and arterial infusion lines (for swine subjects) are available on surface 

or at depth. 

Vital Signs / Life Support Parameters:  Capabilities for swine include the ability to 

monitor pulse, respiration, blood pressure, EEG, EKG and rectal temp; monitoring O2 and 

CO2 of chamber atmosphere and exhaled breathing gases.  Capabilities for rodents 

include EEG, EKG and O2 and CO2 of chamber atmosphere as well as exhaled breathing 

gases.   

Environmental Control:  Chamber temperature and humidity are monitored.  Most 

chambers have provisions for limited control of these variables.  

Exercise:  Three of the 5 cu ft. chambers hold rotating exercise cages for multi-rat 

studies. Additional rotating cages are available on the bench (1 ATA). A treadmill is 

available for large animals. 
 

B.  General Laboratory Space: 

In addition to the hyperbaric chamber facility, there is a fully equipped laboratory which 

contains a water bath, luminometer, low- and high- speed centrifuges; FACS-STAR 5 flow 

cytometer, phosphoimager and densitometer, ELISA washer/plate reader, gas 

chromatograph/mass spectrometer.   Animals will be housed at the AAALAC certified facilities 
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described above under the care and supervision of the Institution’s Laboratory of Animal 

Medicine and Science Division. 

C.  Animals:  

Animals will be housed at the above facilities under the care and supervision of the Institution’s 

Laboratory of Animal Medicine and Science Division. 

J. Annual Budget ($):  

SUMMARY 

 Item / Category FY 2022 

Personnel 
Equipment and Maintenance 
Expendable Supplies 
Animal Purchase and Per Diem 
Travel 
Contracts/Consultants 
Other Direct Costs 
Total Direct 
Indirect 
TOTAL BUDGET 

Budget Estimate:  

DETAILS FOR FY22 

Personnel Title % Effort Cost  

Research Physiologist 10 
Senior Scientist 5 
Post-Doctoral Fellow 10 
Chamber Technician 5 
Chamber Technician 10 
Animal Technician 10 

(b) (4)

(b) (4)(b) (6)
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Animal Technician 10 
Statistician 5 

Total personnel cost       

Equipment and Maintenance Cost 
  

Chamber maintenance 
Chamber Specific Equipment/Fabrication  
Large Equipment Purchase (>3K)
Total Equipment and Maintenance Cost 

Expendable Supplies 
 Cost 
Consumable lab supplies 
Oxygen  
Total Expendable Supplies Cost 

Animal Purchase and Per Diem 
 Cost 
96 rats  
Animal per diem 
Total Animal Purchase and Per Diem Cost 
 
 
 

Travel 
Cost 

 
Program Review 
  
Total Travel Cost 

Contracts/Consultants 
Cost 

 
Publication Costs
Fees (Miscellaneous)  
Total  Contracts/Consultants Cost

Total Direct Cost 
Indirect Cost 

(b) (4)

(b) (4)

(b) (4)

(b) (4)
(b) (4)

(b) (4)(b) (4)

(b) (4)(b) (4)

(b) (4)(b) (4)

(b) (4)(b) (4)

(b) (4)

(b) (6)
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K.  Full Curricula Vitae 

 Please see attached. 

 

L.  Current and pending support of each investigator: 

 
Aaron Hall: 

 
1.)  The impact of carbon dioxide on simulated DISSUB survival and decompression 

sickness at 5ATA air in a 70kg swine model. NAVSEA FY21-23 (delayed). Total 

Funding: ,  0.2 FTE 

2.) T&E of Submarine Rescue Systems Decompression Plan. DHA 6.7, FY22-26. Total 

Funding ,  0.25 FTE 

3.) Breath Test for Pulmonary Oxygen Toxicity, USAMMDA, FY22-23. Total Funding 

, 0.5 FTE 

 
 
 

 
M. Other agencies to which this proposal has been or will be submitted:  none  

N. Special information regarding certain types of experiments:  

The present proposal involves the use of experimental animals.  All research involving 

animals will be performed at the  facility that has AAALAC accreditation and all 

regulations and laws will be fulfilled.  Documentation of Institutional Animal Care and Use 

Committee (IACUC) approval for the animal use protocol will be forwarded under separate 

cover. 

O. Appendices 

 

TOTAL FY22 COST (b) (4)(b) (4)

(b) (4) (b)(3)[Title 1     
(b)(3)[Title 1     
(b)(3)[Title 1     

(b) (4) (b)(3)[Title 1     
(b)(3)[Title 1     
(b)(3)[Title 1     
(b)(3)[Title 1     

(b) (4) (b)(3)[Title 10    
(b)(3)[Title 10    
(b)(3)[Title 10    
(b)(3)[Title 10    

(b) (6)
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Abstract 

 

 Aim 1 will be done at USF in the laboratory of co-I Dr. J. B. Dean using 

unanesthetized, instrumented adult male Sprague-Dawley rats. The goal of this aim is to evaluate the 

utility of measuring electrodermal activity (EDA) across the skin as a physiological marker of an 

impending grand mal tonic-clonic seizure, which the hallmark symptom of central nervous system oxygen 

toxicity (CNS-OT) while breathing hyperbaric oxygen (HBO2). We hypothesize that increased EDA can 

be detected prior to onset of seizures while breathing HBO2 and thus used to predict an impending 

episode of CNS-OT. Increased EDA has been observed prior to onset of epileptic seizures at room 

pressure in rodents. To accomplish this aim, rats are anesthetized and implanted with a radio telemetric 

module for measuring various physiological parameters. At least one week later, under anesthesia, two 

EDA electrodes are attached to the rodent’s back using either surface electrode attachment or subdermal 

attachment. 24 hours later, the animal is placed in the animal chamber inside the hyperbaric chamber and 

the two EDA wire leads are connected to the animal. The EDA lead wires are restrained by a tether 

harness. The animal is dived to 5 ATA HBO2 until onset of first and second bouts of seizures. The 

importance of this study is to determine if electrodermal activity, which can be easily monitored in 

animals and humans, is a useful physiological marker of an impending CNS-OT “hit”; that is, does EDA 

increase prior to seizure onset, and can it be used as signal for taking corrective action by lowering 

inspired oxygen and thus averting CNS-OT seizures.  

(b) (4)



Budget justification:  

Key personnel—($11,273/yr 1)  

Jay B. Dean (PhD; 2% effort)  

Dr. Dean is director of the USF Hyperbaric Biomedical 

Research Laboratory and an expert in hyperbaric physiology and neurophysiology. Dr. Dean will take 

responsibility for all the proposed animal experiments in Aim 1, which measures EDA before and during 

onset of CNS-OT seizures in rats.  

 (BS; 9% effort) is the lab manager for the USF Hyperbaric Biomedical Research 

Laboratory.  is involved in all animal experiments including surgery to implant the radio 

telemetry module and in assisting the Co-I in conducting and analyzing the experiments. 

Materials and supplies—($820/yr 1) Funds are requested to purchase surgical supplies, anesthetics and 

analgesics, and gases that are used for implanting radio-telemetry modules and EDA leads under sterile 

conditions. Gases are also used for administering HBO to induce CNS-OT. 

Other: telemetry ($2,444/yr 1), animal costs ($1,000/yr 1), and GSR Amp for ADInstruments data 

acquisition system ($1,170/yr 1)—Funds are requested to have Data Sciences International (DSI) refurbish 

four F-40 radio-telemetry modules that we currently have in the lab. Funds are also requested for 12 

animals, which includes purchase price plus shipping and per diem costs. Finally, a GSR amplifier that 

interfaces with a preexisting ADInstruments data acquisition system is requested to measure EDA in rats. 

(b) (4)

(b) (6)
(b) (6)



BIOGRAPHICAL SKETCH 

Provide the following information for the Senior/key personnel and other significant contributors. 

Follow this format for each person.  DO NOT EXCEED FOUR PAGES. 

 
NAME 

Jay B. Dean, PhD 

POSITION TITLE 

 

Professor of Molecular Pharmacology & Physiology eRA COMMONS USER NAME (credential, e.g., agency 

login) 

 EDUCATION/TRAINING  (Begin with baccalaureate or other initial professional education, such as nursing, 

include postdoctoral training and residency training if applicable ) 

INSTITUTION AND LOCATION 
DEGREE 

(if applicable) 
MM/YY FIELD OF STUDY 

Central Michigan University, Mt. Pleasant, MI B.S. 8/79 Biology, Chemistry 

Michigan Technological Univ., Houghton, MI M.S. 5/81 Biol. Sci. (Respiratory 

Control) 

The Ohio State University, Columbus, OH Ph.D. 12/86 Physiology (Control of 

body temperature) 

Univ. of North Carolina, Chapel Hill, NC Post-Doc. 12/86-11/91 Neurophysiology 

(Resp.Control) 

A. Personal Statement 

My lab studies the effects of O2, CO2 and barometric pressure on the function of the mammalian CNS, with an 

emphasis on the cardio-respiratory and gastro-esophageal control systems. Ongoing research focuses on 

understanding how hyperoxia and hypercapnia interact to generate reactive O2 and N2 species that, in turn, 

activate neuronal activity in brain stem neurons. This research has relevance to understanding normal and 

abnormal function in cardio-respiratory control during periods of disordered breathing, environmental stresses, 

and in understanding neurological problems arising from the use of hyperoxia in clinical medicine and combat 

operations. We are particularly interested in the following: 1) neurophysiology of CNS oxygen toxicity 

(seizures) and its mitigation by ketone metabolic therapy; 2) understanding how CO2 and H-ions are “sensed” 

by chemoreceptor neurons in the caudal medulla oblongata; and 3) understanding how gastro-esophageal CO2 

ventilation supplements pulmonary ventilation during acute and chronic respiratory acidosis, digestion and 

other conditions that stimulate gastric acid secretion.  

B. Positions and Honors 

Positions and Employment 

1986-88 NINCDS Postdoctoral Fellow, Dept. of Physiology, Curriculum in Neurobiology, UNC-CH 

(D.E. Millhorn) 

1988-90 NRSA Postdoctoral Fellow, Dept. of Physiology, UNC-CH (D.E. Millhorn) 

1990-91 Res. Assist. Prof./Parker B. Francis Fellow in Pulmonary Res., Dept. of Physiology, UNC-

CH (D.E. Millhorn) 

12/91-97 Assistant Professor, Dept. of Physiology & Biophysics, Wright State University, Dayton, 

OH 

1997-02 Associate Professor, Dept. of Physiology & Biophysics, Wright State University, Dayton, 

OH 

7/02-6/03 Professor, Dept. of Physiology & Biophysics, Wright State University, Dayton, OH 

7/03-10/04 Acting-Chairman, Dept. of Anatomy & Physiology, Wright State Univ., Dayton, OH 

11/04-3/05 Vice Chair of Administration, Dept. of Anatomy & Physiology, Wright State Univ., Dayton, 

OH 

3/05-6/06 Vice Chair of Administration, Dept. of Neuroscience, Cell Biology and Physiology, WSU, 

Dayton, OH 



7/1/06-pres. Professor, Dept. of Molecular Pharmacology & Physiology, Coll. of Med., Univ. of South 

Florida, Tampa, FL 

7/1/10-10/30/11  Acting Chair, Molecular Pharmacology & Physiology, Coll. of Med., Univ. of South 

Florida, Tampa, FL 

Other Experience and Professional Memberships  

1992-94 NSF, Special Emphasis Panel for Research Planning Grants and Career Advancement 

Awards for Women 

1998  NIH, Special Emphasis Panel 

2000  NIH, Respiratory and Applied Physiology Study Section, Temporary Member  

2002  NIH, Respiratory Physiology Study Section, Ad-hoc Member  

3/2003 NIH grant review panel for SCOR grants, Sleep Apnea 

10/03-6/07 Regular member, NIH Respiratory Integrative Biology and Translational Research Study 

Section (RIBT) 

1999-00 Co-organizer & Lecturer, International Symp., Central Chemoreception 2000, Ruhr Univ., 

Bochum, Germany  

2001-02 Co-chair & Lec., Featured Topic, EB2002, Role of gap junctions in CO2-chemoreception & 

respiratory control 

2000-01 Guest Co-Ed., Special Issue, Respir. Physiol., Central Chemoreception 2000 (vol. 129:1-

278, 2001) 

2003-04 Chair & Lecturer, Featured Topic, EB 2004, Oxygen Sensing by Neural Tissues 

4/10-6/10 Co-Ed., Highlighted Topic, J. Appl. Physiol., Central CO2 Chemoreception & Cardio-

respiratory Control 

1999-pres. Editorial Board, Journal of Applied Physiology 

2008-2010 Associate Editor, Journal of Applied Physiology (Hyperbaric Physiology, Respiratory 

Control) 

2002- 2012 Editorial Board, Undersea and Hyperbaric Medicine 

1987- pres. Member, Society for Neuroscience 

1997- pres. Member, American Physiological Society 

1997- pres. Member, Undersea and Hyperbaric Medical Society 

2000- pres. Member, Society for Free Radical Biology and Medicine 

2004- pres. Member, Aerospace Medical Association 

Honors 

7/03-6/06     Brage Golding Distinguished Professor of Research, Wright State Univ., Dayton, OH 
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• TECHNICAL APPROACH AND JUSTIFICATION1 

1. Introduction 

HBO2 & CNS oxygen toxicity.  Hyperbaric oxygen (HBO2) is breathed during hyperbaric oxygen 

therapy (HBOT) for treating problematic wounds and resolving disorders caused by inert gas 

bubbles and emboli [1]. HBO2 is also used for certain specialized undersea activities covered under 

recreational, commercial, and military diving operations [2, 3], and pressurized disabled submarine 

(DISSUB) emergencies that require escape or rescue [4-6].  In these contexts, the greatest benefit 

of using O2-enriched gas mixtures or pure O2 is the avoidance of maladies that involve inert gases 

[7-9].  Breathing a hyperoxic gas prior to decompression, a strategy known as oxygen prebreathing 

or isobaric denitrogenation, can be used to reduce or omit decompression obligations and avert the 

risk for decompression sickness (DCS) not only in divers completing prolonged dive profiles, but 

also in pressurized DISSUB personnel who are exposed to hyperbaric air inside a compromised 

submarine at a maximum rescuable depth equivalent of 5 ATA ambient pressure [4-6]. 

Importantly, high dose O2 can also be used in conjunction with closed-circuit underwater breathing 

apparatus (e.g., MK-25 and LAR V Dräger rebreathers) in military clandestine operations to 

maintain stealth (no exhaled gas bubbles) during shallow water transit [3, 9, 10].  

What limits exposure to HBO2 in the foregoing situations is the risk of developing central 

nervous system oxygen toxicity (CNS-OT) following a latent period of safe oxygen breathing. 

CNS-OT presents as various non-convulsive signs and symptoms, many of which appear to be of 

brainstem origin involving cranial nerve nuclei, autonomic nervous system centers, and 

cardiorespiratory centers, which ultimately spread to higher cortical centers and terminate as grand 

mal tonic-clonic seizures [11]. The initial safe latent period makes the use of HBO2 practical in 

hyperbaric and undersea medicine; however, the latent period is highly variable between 

individuals and within the same individual on different days, making it difficult to predict onset of 

lethal indications of CNS-OT. Consequently, currently accepted guidelines for safe HBO2 

exposure are highly conservative; for example, current guidelines for safe exposure at 50 feet of 

sea water (fsw) breathing pure oxygen is 10 minutes [12].  

The purpose of this research project is to test the hypothesis that skin electrical 

resistance, which is known as electrodermal activity (EDA), increases during the pre-seizure 

period of CNS-OT.  The utility of this approach is that increased EDA, if it precedes seizures 

sufficiently early, could be used to take corrective action and avert seizures; i.e., reduce the level 

of inspired partial pressure of oxygen (PIO2).  Early changes in animal physiology that precede 

seizures during exposure to HBO2 are known as physiological markers or physio-markers of an 

impending seizure [11].  In the proposed study, the animal’s physiology will be measured using 

radio telemetry and EDA electrodes attached to the back of the animal while breathing HBO2 in a 

                                                           
1  Abbreviations used in grant proposal:  AFM, atomic force microscopy;  ATA, atmospheres absolute pressure;  

CBF, cerebral blood flow;  CNS, central nervous system;  CNS-OT, central nervous system oxygen toxicity;  DCS, 

decompression sickness;  DISSUB, disabled submarine;  EDA, electrodermal activity;  EEG, electroencephalogram;  

FIO2, fractional concentration of inspired oxygen;  fsw, feet of sea water;  HBO2, hyperbaric oxygen;  HBOT, 

hyperbaric oxygen therapy;  NormO2HBHe, normoxic hyperbaric helium (heliox);  He, helium;  LSz, latency time 

to seizure;  LSz1 & LSz2, latency time to 1st and 2nd bouts of seizures;  O2, oxygen;  PB, barometric pressure;  PO2, 

partial pressure of oxygen; PIO2, partial pressure of inspired oxygen;  t0, time zero for calculation of LSz;  USN, United 

States Navy 
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pressure chamber. Onset of CNS-OT will be determined by the appearance of neurological and 

behavioral (motor) seizures [13].   

Logistics and personnel.   

 

  Aim 1 (the present study) 

will be done at USF in the laboratory of Dr. J.B. Dean using unanesthetized, instrumented adult 

male Sprague-Dawley rats.  Experiments for Aim 1 will be done by the co-I. (J.B. Dean, 2% FTE) 

assisted by  (Lab Manager, 9% FTE). 

2. Specific Aim 

Aim 1. Determine the effects of HBO2 on electrodermal activity (EDA) in Sprague-Dawley rats.  

Changes in EDA will be correlated with other physiological and behavioral parameters including 

cortical electroencephalogram activity, behavioral motor seizures, heart rate and pattern, 

respiration, body temperature, and animal activity. 

3. Background 

HBO2 & physio-markers that precede seizures.  Potential physio-markers under investigation 

for predicting an impending seizure during exposure to HBO2 include the following:  hyperoxic 

hyperpnea, which is also known as hyperoxic hyperventilation [14, 15]; heart rate and pattern [16, 

17]; and hyperoxic hypothermia [18-20].  Several other possible predictors exist [3, 10, 21], most 

of which appear to be of brainstem origin [11].  The proposed study seeks to determine if increased 

EDA is another physio-marker of an impending CNS-OT seizure. 

Electrodermal activity (EDA).  EDA is a measure of the electrical activity of sympathetic 

(autonomic) nerves that innervate the skin [22-24]. Previously, it has been shown that EDA 

increases prior to onset of epileptic seizures in humans [22].   The proposed study will test the 

hypothesis that increased sympathetic neural activity precedes seizure genesis during HBO2 

exposure in a commonly used small animal model of CNS-OT; i.e., the adult male Sprague-

Dawley rat [15, 25-28].  Good EDA signals can be measured from the back of a semi restrained 

(tethered), unanesthetized rat [24]. 

The pathophysiology of CNS-OT: role of increased autonomic neural activity during early 

exposure to HBO2.  Research, much of it supported by the ONR Undersea Medicine Program, 

has shown that exposure to HBO2 initially results in a transient parasympathetic response 

comprised of decreased heart rate, cardiac output, blood pressure, and sympathetic tone [29]. 

Initially, cerebral blood flow (CBF) is decreased by vasoconstriction and delays a significant 

increase in brain tissue PO2 [30-35]. Likewise, minute ventilation decreases initially due to 

hyperoxic inactivation of peripheral chemoreceptors [14, 15]. With extended exposure to HBO2, 

this cardiopulmonary response is overtaken by increased sympathetic outflow resulting in 

hyperventilation, and hypertension [15, 29, 36]. We plan to determine if part of the increased 

sympathetic nervous system response includes an increase in EDA.  In parallel with the 

sympathetic response, a buildup in nitric oxide causes escape from O2-induced cerebral 

vasoconstriction and CBF increases causing a surge in neural tissue PO2 and reactive O2 and N2 

species production and, shortly thereafter, seizures [32, 37, 38].  

(b) (4)

(b) (6)
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Knowledge Gaps. This is the first study to determine if increased EDA precedes onset of CNS-

OT in mammals.  Changes in sympathetic EDA will be correlated with other physiological 

parameters including respiration, heart rate, core body temperature and the latency time to onset 

of neurological and behavioral seizures (LSz).  If changes in EDA activity correlate with the LSz, 

then attempts will be made to determine if monitoring relative level of EDA can be used to avert 

CNS-OT seizures in our proposed animal model. 

4. Specific Experiments 

Aim 1.  Determine the effects of HBO2 on EDA in unanesthetized rats. 

Hypothesis 1. Skin electrical resistance, which is known as EDA and a function of sympathetic 

neural activity, increases during the early pre-seizure period of CNS-OT and forewarns of an 

impending seizure.  

Rationale 1.  We know that the early pre-seizure period of exposure to HBO2 is a period of 

increased autonomic nervous system activity that initially begins as parasympathetic activation 

that then switches over to increased sympathetic neural activity [11].  We also know that increased 

EDA precedes onset of epileptic seizures under normobaric (room pressure) normoxic conditions 

[22].  Furthermore, CNS-OT seizures are thought to resemble the seizures in idiopathic epilepsy 

[11].  Thus, we postulate that increased EDA activity precedes onset of HBO2-induced 

convulsions. 

Technical Approach 1.  

Overview. Each rat will be implanted with a telemetric unit to measure cortical 

electroencephalograph (EEG) activity. Brain oxygen toxicity will be measured by onset of 

neurological seizures (increased EEG activity) and behavioral (visible tonic-clonic motor) 

seizures. Latencies to first and second bouts of seizures will be determined (LSz1 & LSz2).  The 

first bout of seizures is usually small and short duration [13].  Typically, seizures stop immediately 

or within 1-2 minutes once PIO2 is reduced.  EDA will be measured by quantifying skin 

conductance changes due to changes in sympathetic nervous activity measured by either skin or 

sub-dermal electrodes.  Initially, a small pilot experiment will determine the best method to 

measure EDA in rats during exposure to HBO2 (5 ATA O2); both skin electrodes and sub-dermal 

wire electrodes will be tested.  Once this is established, each animal will be exposed to 5 ATA 

HBO2 until the onset of the 2nd bout of seizures (LSz2). The animal will be decompressed on air 

and returned to the vivarium after it exhibits normal behavior.  Five to seven days later, the same 

animal will be dived on normoxic heliox using 4%O2 + 96% helium (He) to produce 0.2 ATA O2 

+ 4.8 ATA He at total ambient pressure of 5 ATA; i.e., normoxic hyperbaric helium 

(NormO2HBHe).  An equivalent period of exposure to NormO2HBHe serves as a control for the 

effects of pressure per se to confirm that any observed changes in EDA during HBO2 are due to 

increased PO2 and not due to hyperbaric pressure per se.  The order of HBO2 and NormO2HBHe 

dives are not randomized because we need to know the duration of time spent in HBO2 (LSz1 & 

LSz2) so that an equivalent duration of exposure to NormO2HBHe is tested.  

All experiments are conducted in Sprague-Dawley rats (male, 200-350g). The 

outbred/stock rat was chosen because it is the representative animal model this lab has used in its 

previous studies of the neurophysiology of CNS-OT [13, 15, 26-28, 39-44].  Males are used 
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because of the prevalence of males in U.S. Special Operations Forces and because female rats are 

more sensitive to HBO2 and oxygen toxicity [27, 45], an added complexity to the study that we 

plan to address later in a future study. 

General Approach:  hyperbaric radio telemetry & EDA electrodes.  All experiments will use 

radio telemetry (1st survival surgery, invasive) followed at least 1 week later by attachment of two 

EDA electrodes using either surface electrode attachment or sub-dermal attachment (2nd survival 

surgery, minimally invasive).  24 hours after the 2nd survival surgery, the animal will be placed in 

the animal chamber inside the hyperbaric chamber.  Two leads will be attached to the EDA 

electrodes and the wires restrained by a tether harness and the animal dived to 5 ATA HBO2 until 

onset of 1st and 2nd bouts of seizures.  Five to 7 days later, the animal will be dived for an equivalent 

period using NormO2HBHe as the control for the effects of pressure per se. 

Radio telemetric module implantation & EDA electrodes attachment.  Each rat is transferred 

to the USF Hyperbaric Biomedical Research Lab and prepared for survival surgery using aseptic 

methods. The rat is anesthetized with isoflurane and implanted with a DSI radio telemetry module; 

the F-40 telemetry unit with 1 pair of biopotential leads, or alternatively the 4ET with 4 pairs of 

biopotential leads. The telemetry unit is implanted in the abdomen as described in the BUMED 

and USF Animal Use Protocols.  F-40 wire leads are implanted through the skull to measure 

cortical EEG activity and core body temperature, whereas the 4ET module measures EEG activity, 

respiratory muscle electromyogram activity, electrocardiogram, and core body temperature. After 

recovery from surgery, rats are returned to the vivarium that same day.   

At least 1 week following telemetric module implantation, each rat be anesthetized using 

isoflurane and the fur removed from the middle back (circular area about 2.5 cm in diameter) using 

a depilatory agent (Shiseido) and a pair of surface electrodes (3mm diameter) will be attached to 

the skin using a quick-hardening dental resin (Nissin Dental Products, Inc., MEND-REX). 

Alternatively, after removal of fur, a pair of Ag-Cl wires will be inserted beneath the surface of 

the skin (~2 mm sub-dermal) and attached using the quick-hardening dental resin. Animals will be 

fitted with a protective rodent jacket to prevent accidental removal of the EDA electrodes and 

returned to the vivarium upon recovery.  

Dive protocols. The animal will be brought back to the lab and placed in the animal chamber (still 

wearing the protective rodent jacket). The telemetry module will be turned on via a magnet, EDA 

leads attached to the skin/sub-dermal electrodes.  In the latter case, the point of lead attachment is 

secured using either liquid tape or heat shrink tubing. The animal chamber is sealed, and EDA 

leads are tethered and passed through the wall of the animal chamber and secured to the exterior 

of the animal chamber.  Once sealed, the animal chamber is continuously ventilated with either 

air, pure oxygen (HBO2), or 4%O2 in helium (NormO2HBHe).  The animal chamber sits atop the 

radio telemetry receiver.  The animal chamber and receiver sit inside a hyperbaric chamber that is 

pressurized with air or 100% N2 in parallel with the animal chamber.  Baseline telemetry 

recordings are made under control conditions (room air, 1 ATA) for 45-60 minutes.  The two 

chambers are then pressurized simultaneously at a rate of 0.5 atmospheres/minute to 5 ATA.  For 

HBO2 dives, upon reaching 5 ATA, the animal chamber is switched over from air (0.2 O2  5 
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post-surgery/during experimental sessions, radio-transmitter failure (transmitter battery failure), 

and unexpected illness/death during the study. Thus, a correction factor of 1.15 is used in animal 

numbers calculation to allow for 15% of animals that do not survive the experiment to completion 

for one of the above reasons. For these experiments, power analysis indicated a power = 0.8-0.9 

for n=10 rats per group. This is based on our previous experiments using these procedures and the 

telemetric data generated.  Using these assumptions and facts, we estimate the maximum number 

of animals needed for the experiments in Aim 1 as follows: 10 rats  1.15 = 11.5  12 rats.   

GraphPad Prism version 7.04 software will be used for all statistical analyses. All values 

will be reported as means  SE.  As in our previous study of physio-markers during HBO2 [15], 

data will not be normalized to the control values in air or 1 ATA O2; however, because of 

individual variability in the latency time to seizure (LSz1 & LSz2) between animals, physiological 

data points will be aligned or zeroed to the onset of behavioral seizures (motor movements of the 

upper limbs and head; Table 1) during neurological seizure (increased EEG activity). Physiological 

data will be analyzed in reverse chronological order until the sample size begins decreasing as 

animals with the shortest-duration LSz values drop out of the pooled data. Data are analyzed by 

averaging the values derived from the raw data every 10 sec and a linear regression done at times 

1, 2, 4, 8, and 16 mins (or similar intervals)  preceding seizures 1 and 2. All statistical comparisons 

were considered significant at P < 0.05. 

Anticipated Results 1.  We predict that EDA will increase several minutes prior to onset of 1st 

seizures.  During the interictal period that precedes the second seizure, we predict that EDA will 

remain elevated and exhibit a second surge in activity prior to the 2nd seizures.  We do not expect 

HBHeNormO2 (pressure per se) to have a significant effect on EDA.  We also predict that EDA 

will increase in parallel with minute respiration and potentially heart rate prior to seizures.   

Problems/Alternative Approaches 1. No significant problems are anticipated since we routinely 

conduct hyperbaric radio telemetric experiments in rats.  Making EDA measurements will be new 

to our lab; however, the methods are already established in the literature [24] and should not be 

any more difficult than make a standard electrocardiogram recording. 

5. General Procedures for Aim 1. 

Hyperbaric Radio-Telemetry & EDA. The radio-telemetry system consists of an implantable F-

40 or 4ET radio-transmitter able to amplify and broadcast signals via a receiver (DSI PhysioTel, 

model RPC-2) connected to an acquisition interface unit (ACQ 7700 Ponemah) via electrical 

penetrations in the wall of the hyperbaric chamber. The acquisition interface unit is connected to 

a computer for real time data collection and storage. The same acquisition unit also records 

chamber pressure and temperature, which are measured, respectively, by a thermocouple and 

pressure gauge directly connected to the acquisition system via BNC cables. Each animal will be 

continuously monitored via a video camera (AXIS 221 Network Camera) and the video of each 

experiment will be recorded as well.  Raw data will be collected using DSI Ponemah software (P3 

Ponemah Physiology Platform, version 4.90).  ADE activity will be recorded using an 

ADInstruments Powerlab with GSR Amp.  Statistical analysis will be performed using GraphPad 

PRISM, version 7.04.   

The hyperbaric system consists of two main elements: 1) a plexiglass chamber (~3 liter 

capacity, Diamond Box, Buxco, Electronics Inc., model PLY3114), that will house the rat during 
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the experiment, and 2) a hyperbaric chamber (Reimers System Inc. - 7.8 ATA MWP), that contains 

the plexiglass chamber and functions as the pressure vessel. Both chambers are connected to an 

air compressor (oil-less rotary scroll compressor – model DK6086, Powerex).  The outer chamber 

will be pressurized using air or nitrogen (capacity ~205 liters) to minimize the risk of an electrical-

induced fire.  
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Future Naval Relevance  

Naval unique Special Warfare/Special Operations diving maneuvers and submarine 

operations are limited by health risks associated with breathing various gas mixtures at normobaric 

and hyperbaric pressures.  Included in the list of health risks is CNS-OT. Submariners must be 

able to survive a possible CNS-OT “hit” while breathing HBO2 in a pressurized DISSUB 

emergency as they perform isobaric denitrogenation (oxygen prebreathe), to reduce the risk for 

DCS, in preparation of dropout decompression during a buoyant ascent.  Navy divers are affected 

by HBO2 because the risk of developing CNS-OT greatly limits bottom time during operations.  

For example, the current, highly conservative limit for breathing HBO2 at 50 feet of sea water 

(fsw) is 10 minutes [9].  Research during World War II, however, showed that when divers were 

pushed to the onset of acute toxic symptoms of CNS-OT, including non-convulsive indications 

(e.g., vertigo, nausea, vomiting, dizziness) and seizures, that half of the divers could tolerate longer 

exposure to HBO2 at 50 fsw.  Many divers withstood at least twice as much oxygen, and some 

individuals tolerated exposures to HBO2 upwards of ten times [11, 46].  The USN’s goal is to 

expand the envelope of clandestine diving operations; that is, longer and safer dives. Currently, 

the only approved strategy for prevention of CNS-OT is reduction of depth (chamber pressure), 

and thus, PIO2, and/or the time of exposure (oxygen concentration product). One strategy currently 

under study, however, to extend bottom time on O2 is to monitor the early physiological changes 

in a diver that precedes seizures; i.e., so-called physio-markers [11, 15].  In the present study, we 

plan to test whether electrodermal activity (EDA) of the sympathetic nervous system is a useful 

physio-marker.  The proposed EDA study in rodents will be done in parallel with a study in humans 

at Duke University and in collaboration with University of Connecticut. This study also 

complements ongoing animal studies in our lab looking at other physio-markers of interest to the 
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will communicate regularly with other ONR performers in academia who work in related areas of 

undersea medicine; for example,  

 

Facilities & Other Resources (including Government Furnished Equipment/Hardware/ 

Software): 
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Normobaric Research Stations. 1) This cell culture/brain slice electrophysiology and imaging 

station includes the following items: electrophysiology amplifier (Axoclamp 2B patch clamp 

amplifier); 2 Burleigh microdrives; Nikon FN1 fixed-stage microscope equipped with: DIC optics 

and IR video microscopy, fluorescence attachment and Roper CoolSnap camera; brain slice 

recording chamber; vibration isolation table; window discriminators & rate meters; 6 channel 

timer/ stimulator with SIU; 2 oscilloscopes; 2 channel DC amplifier/filter; Digidata 

1322A/pCLAMP data acquisition system with computer; water bath; temperature controller; and 

fiber optic illuminator.  2) The other cell culture/brain slice electrophysiology and imaging station 

includes: Nikon TE2000 inverted microscope, which is mated to a fluorescence microscopy 

attachment. Important pieces of equipment for fluorescence microscopy include: Roper Cool Snap 

Digital Camera; Xenon light source; light guide; Lambda 10-3 shutter controller and interface; 

Nikon Elements Software for data collection and analysis. 

Gas Tank Farm: A 528 ft2 cement patio, enclosed by chain-link & barbed-wire fencing and 

overhanging roof, houses the following items used to compress/decompress the pressure 

chambers: oil-less scroll air compressor (model SES; MWP 115 PSIG) and a vertical air handling 

tank (400 gallons, 93” tall x 36” dia.; MWP 137 PSIG); 1-HP oil-less rotary vane vacuum pump 

(30 gallons tank) is plumbed to two chambers ) for producing altitudes over 

20,000 feet; and space for up to 60 K-type gas bottles; and gas-mixing station for blending 

customized gas mixtures. A dual cylinder horizontal roller is used to mix gases cylinders that may 

have separated out. Compression and vacuum lines penetrate the back wall and terminate on the 

interior wall of MDL1026 with a manifold control panel so that helium, nitrogen or air can be 

directed to anyone one of up to six different work stations. In addition, various cylinders of O2, 

CO2 & N2/He are plumbed from the tank farm to each work station for pressurizing sample 

cylinders used to produce HBO2 media. 

(b) (4)

(b) (6)
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Histology: A full service research histology laboratory is available for histological and cytological 

preparations, tissue array construction, immunostaining and in situ hybridization in the Dept. of 

Molecular Pharmacology and Physiology (M. Barter). A Dako automated immunostainer, a 

Chemicon ATA 100 tissue arrayer and 2 cryostats as well as the equipment items necessary for 

paraffin processing, sectioning and staining are available.  

Biostatistics Shared Resource: The Biostatistics Shared Resource staffs two doctoral-level 

biostatisticians available for consultation on all statistical aspects of research studies including: 

study design, database design, sample-size analysis, data analysis and interpretation, 

statistical/software instruction and manuscript writing. Available software tools include: SAS, 

SPSS, S-Plus, R, and nQuery. 

Computer: Each research station maintains 1-2 computers for online data collection and offline 

data analysis. In addition, each office (3 total: P.I., lab manager & trainees) maintains a computer 

for word processing and each member of the lab owns a lap top computer. 

Other: BioTek ELX800 Spectrophotometer (BioTek Instrument) for biochemical assays; Kerr 

Tissue Recording System for cell or tissue electrophysiology recordings if needed.  General lab 

equipment includes: deionized water still; water baths, 2 Mettler analytical balances; pH meters; 

sonicators and refrigerators and freezers, including a -80F freezer. Also available is additional 

equipment used for brain slicing and fabrication of microelectrodes and micropipettes: 3 

micropipette pullers; Nikon Labophot & Optiphot microscopes; Nikon patch pipette polisher; 

Zeiss microscope with phase contrast optics; 3 Pelco Vibratomes for making tissue slices.  

Animal: The USF Division of Comparative Medicine (DCM) serves as the advocate for animals 

involved in research at USF, and provides a fully accredited, centralized service of pathogen-free 

animal procurement, husbandry, health surveillance, and quality control. DCM is fully accredited 

by the Association for the Assessment and Accreditation of Laboratory Animal Care, International 

(AAALAC #000434). Its program and facilities for animal care and use are managed in accordance 

with the National Research Council Guide for the Care and Use of Laboratory Animals, the PHS 

Policy on Humane Care and Use of Laboratory Animals (PHS assurance #A4100-01), and the 

Animal Welfare Regulations. DCM has an assurance of compliance on file with OLAW and NIH, 

and is a registered research facility with the United States Department of Agriculture (USDA 

registration #58-R-0015). Animals are purchased as needed through Huntingdon Laboratories 

(formerly Harlan Laboratories).   

Cell Culture: Available if needed. P.I. has just received cell culture incubator and hood from the 

former NEDU electrophysiology laboratory.  In addition, we have access to departmental shared 

cell culture facility 327 ft2 and two specialized cell culture incubators (Galaxy 48R, New 

Brunswick Instruments) that are capable of maintaining cell cultures under a wide range of oxygen 

concentrations (1% to 95%). is arranging for HBRL to acquire a new cell culture facility in addition 

to the shared facility currently available.  

Office: The Department of Molecular Pharmacology and Physiology provides staff support for 

this project, including the following:   
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Other Aspects of the Research Environment/Facilities: The College of Engineering supports 

an instrument shop, which the PI has access to at the cost of $50/hr labor plus materials. The PI 

also has access (fee basis) to an assortment of machinists/model makers and electricians in the 

Tampa Bay area who do work for hire with USF faculty.  

 

 

 A full-time PhD degree program is 

available with various research tracks including Neuroscience and Physiology.  

Current and Pending Project and Proposal Submissions 

Jay B. Dean, Ph.D. 

Project 1, JBD (PI)—the proposed study                3/2019 - 2/2020 

1) Title of Proposal and Summary: Animal studies, Aim 1 (USF Tampa): Feasibility of measuring 

electrodermal activity for detecting seizures elicited by central nervous system oxygen toxicity.  The goal of 

this project is to determine if electrodermal activity (skin electrical resistance) changes significantly in a small 

animal model before onset of seizures while breathing hyperbaric oxygen (HBO2). If so, then increased 

electrodermal activity is a possible physiological marker of an impending seizure otherwise known as CNS 

oxygen toxicity, CNS-OT. 

2) Source and amount of funding: 

Total annual direct costs:   $16,707 

Grant No.:   this proposal 

3) Percentage effort devoted to project—2%  

4) Identity of prime Offeror—ONR Undersea Medicine 

5) Technical contact—P.I.: Jay B. Dean, Ph.D.; 813-974-1547/813-905-9965; jdean@health.usf.edu  

6) Administrative/business contact—Sandra Chapman, Ph.D.; Undersea Medicine Program Officer; 

Warfighter Performance Department (Code 34); Office of Naval Research; 875 N Randolph St.; 

Arlington VA 22203; (703) 588-2429; Sandra.chapman@navy.mil 

7) Period of performance—2/2019 through 1/2020  

8) The proposed project and all other projects or activities requiring a portion of time of the Principal 

Investigator and other senior personnel must be included, even if they receive no salary support from the 

project(s) 

P.I., J.B. Dean—2% 

—9% 

9) The total award amount for the entire award period covered (including indirect costs, IDC) must be 

shown as well as the number of person-months or labor hours per year to be devoted to the project, 

regardless of source of support 
 Total direct costs + Total IDC = $16,707 + $8,270 = $24,977 

10) State how projects are related to the proposed effort and indicate degree of overlap.—this is the 

proposed study 

 

Project 2, JBD (PI)              6/1/2016—5/31/2019 (NCE August 2019) 

1) Title of Proposal and Summary:  Cellular mechanisms of CNS oxygen toxicity during CO2 retention and 

ketone metabolic therapy.  The goal of this research project is to further understand how conditions that 

accelerate and delay onset of CNS oxygen toxicity (CNS-OT) seizures affect each of the following 

phenomena that are implicated in CNS-OT in rodents: i) increased production of reactive O2 and N2 species 

\ in the brain stem; ii) electrical signaling by medullary neurons; and iii) respiration during the period 

(b) (4)

(b) (4)

(b) (6)
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preceding Sz; i.e., hyperoxic hyperventilation. iv) An additional goal is to determine the effects of chronic 

CO2 retention on cardiorespiratory and gastric physiology. 

2) Source and amount of funding: 

Total annual direct costs: $219,933 

Grant No.:  ONR N00014-16-1-2537 

3) Percentage effort devoted to project: 30% 

4) Identity of prime offeror:  ONR Undersea Medicine 

5) Technical contact—P.I.: Jay B. Dean, Ph.D.; 813-974-1547/813-905-9965; jbdean813@gmail.com  

6) Administrative/business contact—Sandra Chapman, Ph.D.; Undersea Medicine Program Officer; 

Warfighter Performance Department (Code 34); Office of Naval Research; 875 N Randolph St.; 

Arlington VA 22203; (703) 588-2429; Sandra.chapman@navy.mil 

7) Period of performance—6/1/2016 through 5/31/2019 plus requesting NCE through August 2019 

8) The proposed project and all other projects or activities requiring a portion of time of the Principal 

Investigator and other senior personnel must be included, even if they receive no salary support from the 

project(s) 

P.I., J.B. Dean—30% 

—60% 

9) The total award amount for the entire award period covered (including indirect costs, IDC) must be 

shown as well as the number of person-months or labor hours per year to be devoted to the project, 

regardless of source of support 

 Total direct costs + Total IDC = $977,569 

10) State how projects are related to the proposed effort and indicate degree of overlap.—there is no 

scientific overlap 

 

Project 3, JBD (co-I)                           2018-2021 

1) Title of Proposal and Summary:  Optimizing ketone metabolic therapy and identifying biomarkers for 

mitigation and prediction of CNS oxygen toxicity: animal studies. The major goal of this project is to 

define the efficacy and anticonvulsant mechanism of ketones using in vivo and in vitro models  

2) Source and amount of funding: 

Total annual direct costs: $228,559 

Grant No.:  ONR N00014-18-1-2701 

3) Percentage effort devoted to project: 10% 

4) Identity of prime offeror:  ONR Undersea Medicine 

5) Technical contact—  

 

6) Administrative/business contact—Sandra Chapman, Ph.D.; Undersea Medicine Program Officer; 

Warfighter Performance Department (Code 34); Office of Naval Research; 875 N Randolph St.; 

Arlington VA 22203; (703) 588-2429; Sandra.chapman@navy.mil 

7) Period of performance—8/1/2018 through 7/31/2021 

8) The proposed project and all other projects or activities requiring a portion of time of the Principal 

Investigator and other senior personnel must be included, even if they receive no salary support from the 

project(s) 

P.I., J.B. Dean—10% 

—20% 

9) The total award amount for the entire award period covered (including indirect costs, IDC) must be 

shown as well as the number of person-months or labor hours per year to be devoted to the project, 

regardless of source of support 

 Total direct costs + Total IDC = $1,021,278 
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10) State how projects are related to the proposed effort and indicate degree of overlap.—there is no 

scientific overlap 

 

No extramural funding to report 

Qualifications: See attachments 

Jay Dean, PI, 2% effort:  Dr. Dean is the Director of the USF Hyperbaric Biomedical Research 

Laboratory.  He takes overall responsibility for the performance of the study. He will conduct, in 

collaboration with his laboratory personnel, all the proposed experiments, assist in the analysis of the data, 

direct writing of papers, and deliver data presentations at national/international meetings and symposia. Dr. 

Dean’s technical expertise is studying the electrophysiology and oxidative neurobiology of mammalian 

neurons in reduced animal and whole animal models (rat).  Dr. Dean has employed a variety of technical 

approaches including hyperbaric electrophysiology (in vitro), hyperbaric microscopy (in vitro), hyperbaric 

radio-telemetry and plethysmography (in vivo) and other instrumented approaches in rats to study the 

effects of normobaric gases and hyperbaric gases at cellular and organismal levels.  

 will provide technical support to the laboratory of 

Dr. Dean, including radio-telemetry surgery, animal maintenance, solution preparation, ordering of 

supplies, budget maintenance, data analysis and figure preparation, including computer graphics work. She 

is greatly experienced with all aspects of laboratory management.   

Biographical Sketches follow on next pages… 

  

(b) (6)

(b) (6)
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BIOGRAPHICAL SKETCH 

Provide the following information for the Senior/key personnel and other significant contributors. 

Follow this format for each person.  DO NOT EXCEED FOUR PAGES. 

 
NAME 

Jay B. Dean, PhD 

POSITION TITLE 

 

Professor of Molecular Pharmacology & Physiology eRA COMMONS USER NAME (credential, e.g., agency 

login) 

 EDUCATION/TRAINING  (Begin with baccalaureate or other initial professional education, such as nursing, 

include postdoctoral training and residency training if applicable.) 

INSTITUTION AND LOCATION 
DEGREE 

(if applicable) 
MM/YY FIELD OF STUDY 

Central Michigan University, Mt. Pleasant, MI B.S. 8/79 Biology, Chemistry 

Michigan Technological Univ., Houghton, MI M.S. 5/81 Biol. Sci. (Respiratory 

Control) 

The Ohio State University, Columbus, OH Ph.D. 12/86 Physiology (Control of 

body temperature) 

Univ. of North Carolina, Chapel Hill, NC Post-Doc. 12/86-11/91 Neurophysiology 

(Resp.Control) 

A. Personal Statement 

My lab studies the effects of O2, CO2 and barometric pressure on the function of the mammalian CNS, with an 

emphasis on the cardio-respiratory and gastro-esophageal control systems. Ongoing research focuses on 

understanding how hyperoxia and hypercapnia interact to generate reactive O2 and N2 species that, in turn, 

activate neuronal activity in brain stem neurons. This research has relevance to understanding normal and 

abnormal function in cardio-respiratory control during periods of disordered breathing, environmental stresses, 

and in understanding neurological problems arising from the use of hyperoxia in clinical medicine and combat 

operations. We are particularly interested in the following: 1) neurophysiology of CNS oxygen toxicity 

(seizures) and its mitigation by ketone metabolic therapy; 2) understanding how CO2 and H-ions are “sensed” 

by chemoreceptor neurons in the caudal medulla oblongata; and 3) understanding how gastro-esophageal CO2 

ventilation supplements pulmonary ventilation during acute and chronic respiratory acidosis, digestion and 

other conditions that stimulate gastric acid secretion.  

B. Positions and Honors 

Positions and Employment 

1986-88 NINCDS Postdoctoral Fellow, Dept. of Physiology, Curriculum in Neurobiology, UNC-CH 

(D.E. Millhorn) 

1988-90 NRSA Postdoctoral Fellow, Dept. of Physiology, UNC-CH (D.E. Millhorn) 

1990-91 Res. Assist. Prof./Parker B. Francis Fellow in Pulmonary Res., Dept. of Physiology, UNC-

CH (D.E. Millhorn) 

12/91-97 Assistant Professor, Dept. of Physiology & Biophysics, Wright State University, Dayton, 

OH 

1997-02 Associate Professor, Dept. of Physiology & Biophysics, Wright State University, Dayton, 

OH 

7/02-6/03 Professor, Dept. of Physiology & Biophysics, Wright State University, Dayton, OH 

7/03-10/04 Acting-Chairman, Dept. of Anatomy & Physiology, Wright State Univ., Dayton, OH 

11/04-3/05 Vice Chair of Administration, Dept. of Anatomy & Physiology, Wright State Univ., Dayton, 

OH 
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3/05-6/06 Vice Chair of Administration, Dept. of Neuroscience, Cell Biology and Physiology, WSU, 

Dayton, OH 

7/1/06-pres. Professor, Dept. of Molecular Pharmacology & Physiology, Coll. of Med., Univ. of South 

Florida, Tampa, FL 

7/1/10-10/30/11  Acting Chair, Molecular Pharmacology & Physiology, Coll. of Med., Univ. of South 

Florida, Tampa, FL 

Other Experience and Professional Memberships  

1992-94 NSF, Special Emphasis Panel for Research Planning Grants and Career Advancement 

Awards for Women 

1998  NIH, Special Emphasis Panel 

2000  NIH, Respiratory and Applied Physiology Study Section, Temporary Member  

2002  NIH, Respiratory Physiology Study Section, Ad-hoc Member  

3/2003 NIH grant review panel for SCOR grants, Sleep Apnea 

10/03-6/07 Regular member, NIH Respiratory Integrative Biology and Translational Research Study 

Section (RIBT) 

1999-00 Co-organizer & Lecturer, International Symp., Central Chemoreception 2000, Ruhr Univ., 

Bochum, Germany  

2001-02 Co-chair & Lec., Featured Topic, EB2002, Role of gap junctions in CO2-chemoreception & 

respiratory control 

2000-01 Guest Co-Ed., Special Issue, Respir. Physiol., Central Chemoreception 2000 (vol. 129:1-

278, 2001) 

2003-04 Chair & Lecturer, Featured Topic, EB 2004, Oxygen Sensing by Neural Tissues 

4/10-6/10 Co-Ed., Highlighted Topic, J. Appl. Physiol., Central CO2 Chemoreception & Cardio-

respiratory Control 

1999-pres. Editorial Board, Journal of Applied Physiology 

2008-2010 Associate Editor, Journal of Applied Physiology (Hyperbaric Physiology, Respiratory 

Control) 

2002- 2013 Editorial Board, Undersea and Hyperbaric Medicine 

1987- 2011 Member, Society for Neuroscience 

1997- pres. Member, American Physiological Society 

1997- 2009 Member, Undersea and Hyperbaric Medical Society 

2000- 2013 Member, Society for Free Radical Biology and Medicine 

2004- pres. Member, Aerospace Medical Association 

Honors 

7/03-6/06     Brage Golding Distinguished Professor of Research, Wright State Univ., Dayton, OH 

Selected peer-reviewed publications pertinent to this application (from a total of >60) 

Ciarlone, G.E., and Dean, J.B. (2019) Acute hyperoxia increases CO2-chemosensitivity in rat caudal solitary 

complex neurons. American Journal of Physiology, Cell Physiology (in revision; manuscript C-00368-

2018R1)  

Ciarlone, G.E., Hinojo, C.M., Stavitzski, N.M., and Dean, J.B. (2019) CNS function and dysfunction during 

exposure to hyperbaric oxygen in operational and clinical settings. Invited review for Redox Biology, 

Special Issue entitled, “Redox Biology in Physiology and Disease” (accepted pending minor revisions; 

manuscript no. REDOX_2019_115) 

Ari, C., Koutnik, A. P., DeBlasi, J., Landon, C. S., Rogers, C. Q., Vallas, J., Bharwani, S., Puchowicz, M., 

Bederman, I., Diamond, D.M., Kindy, M.S., Dean, J.B., and D'Agostino, D. P. e. (2019). Delaying 

latency to hyperbaric oxygen-induced CNS oxygen toxicity seizures by combinations of exogenous 

ketone supplements. Physiological Reports. doi: 10.14814/phy2.13961 

Morris K.F., Nuding S.C., Segers L.S., Iceman K.E., O’Connor R., Dean J.B., Ott M.M., Alencar P.A., 
Shuman D., Horton K.K., Taylor-Clark T.E., Bolser D.C., and Lindsey B.G. (2017) Carotid 



P.I., Dean, Jay B.; USF Tampa 

 

- 24 - 
 

chemoreceptors tune breathing via multipath routing: Reticular chain and loop operations supported by 

parallel spike train correlations. J Neurophysiol 119(2):700-722. doi: 10.1152/jn.00630.2017 

Ciarlone G. E. and Dean J. B. (2016a) Normobaric hyperoxia stimulates superoxide and nitric oxide 

production in the caudal solitary complex of rat brain slices. Am J Physiol Cell Physiol 311: C1014–

C1026,  

Ciarlone G. E. and Dean J. B. (2016b) Acute hypercapnic hyperoxia stimulates reactive species production 

in the caudal solitary complex of rat brain slices but does not induce oxidative stress. Am J Physiol Cell 

Physiol 311: C1027–C1039, 2016. 

Gianni D’Angelo, Raffaele Pilla, Jay B. Dean, Salvatore Rampone (2016) Toward a soft computing-based 

correlation between oxygen toxicity seizures and hyperoxic hyperpnea.  Soft Computing 

(METHODOLOGIES AND APPLICATION), DOI 10.1007/s00500-017-2512-z 

Matott, M.P., Ciarlone, G.E., Putnam, R.W., and Dean, J.B.  (2014) Normobaric hyperoxia (95% O2) 

stimulates CO2-sensitive and CO2-insensitive neurons in the caudal solitary complex of rat medullary 

tissue slices maintained in 40% O2.  Neuroscience 270: 98-122 

Held, H.E., Pilla, R., Ciarlone, G.E., Landon, C.S., Dean, J.B. (April 2014) Female rats are more susceptible 

to central nervous system oxygen toxicity than male rats. Physiological Reports 2 (e00282) DOI: 

10.14814/phy2.282; http://physreports.physiology.org/content/2/4/e00282.short 

Pilla, R., Held, H.E., Landon, C.S., and Dean, J.B. (2013) High doses of pseudoephedrine hydrochloride 

accelerate onset of CNS oxygen toxicity seizures in unanesthetized rats.  Neuroscience 246: 391-396. 

D’Agostino, D.P., Pilla, R., Held, H.E., Landon, C.S., Puchowicz, M., Brunengraber, H., Ari, C., Arnold, P. 

and Dean, J.B. (2013) Therapeutic ketosis with ketone ester delays central nervous system oxygen 

toxicity seizures in rats.  Am. J. Physiol. Reg., Integr. and Comp. Physiol. 304(10): R829-R836 

Pilla, R., Landon, C.S., and Dean, J.B. (2013) A potential early physiological marker for CNS oxygen 

toxicity: hyperoxic hyperpnea precedes seizure in unanesthetized rats breathing hyperbaric oxygen.  J. 

Appl. Physiol. 114: 1009-1020. 

D’Agostino, D. P., McNally, H.A., and Dean, J.B. (2012) Development and testing of hyperbaric atomic 

force microscopy (AFM) and fluorescence microscopy for biological applications, J. Microscopy  

246(2): 129-142 

Dean J.B. (2011) Theory of gastric CO2 ventilation and its control during respiratory acidosis: Implications 

for central chemosensitivity, pH regulation, and diseases causing chronic CO2 retention, Respir. Physiol. 

Neurobiol. 175(2): 189-209; with Commentary by Forster H.V. (2011) Gastric acid secretion contributes 

to elimination of CO2 during hypercapnia, Respir. Physiol. Neurobiol. 175: 189-209 

Dean, J.B. Putnam, R.W. (2010) The caudal solitary complex is a site of central CO2 chemoreception and 

integration of multiple systems that regulate expired CO2, Resp. Physiol. & Neurobiol. 173(3): 274-287. 

Garcia III, A.J., Putnam, R.W. and Dean, J.B. (2010)  Paper 1 of 2: Hyperbaric hyperoxia and normobaric 

reoxygenation increase excitability and activate oxygen-induced potentiation (OxIP) in CA1 

hippocampal neurons.  J. Appl. Physiol. 109: 804-819 

Garcia III, A.J., Putnam, R.W. and Dean, J.B. (2010)  Paper 2 of 2: Hyperoxic stimulation of synchronous 

orthodromic activity and induction of neural plasticity does not require changes in excitatory synaptic 

transmission. J. Appl. Physiol. 109: 820-829 

Dean JB. (2010) Hypercapnia causes cellular oxidation and nitrosation in addition to acidosis: implications 

for CO2 chemoreceptor function and dysfunction, J. Appl. Physiol. 108(6):1786-1795 

Nichols, N.L., Wilkinson, K.A., Powell, F.A., Dean, J.B. and Putnam, R.W. (2009) Chronic hypoxia 

suppresses the CO2 response of solitary complex (SC) neurons from rats. Respir. Physiol. & Neurobiol., 

168:272-280 

D’Agostino, D.P., Olson, J.E., and Dean, J.B. (2009) Acute hyperoxia increases lipid peroxidation and 

induces plasma membrane b lebbing in human U87 glioblastoma cells.  Neuroscience 159: 1011-1022 

Dean, J.B. and D’Agostino, D. P. (2008) Chapter 10. Pressure effects on human physiology.  In:  

Physiology and Medicine of Hyperbaric Oxygen Therapy (edited by Tom S. Neuman and Stephen R. 

Thom), Elsevier Inc., Philadelphia, pp. 189-202 
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D’Agostino, D.P., Colomb, D.G., and Dean, J.B. (2009) Effects of hyperbaric gases on membrane 

nanostructure and function in neurons.  J. Appl. Physiol. 106: 996-1003 

D’Agostino, D.P., Putnam, R.W., and Dean, J.B. (2007) Superoxide (·O2
-) production in CA1 neurons of rat 

hippocampal slices exposed to graded levels of oxygen. J. Neurophysiol. 98: 1030 – 1041. 

Mulkey, D.K., Henderson III, R.A., Putnam, R.W., and Dean, J.B. (2003) Pressure (<4 ATA) increases 

membrane conductance and firing rate in the rat solitary complex, Journal of Applied Physiology, 95(3): 

922-930 

Mulkey, D.K., Henderson III, R.A., Putnam, R.W., and Dean, J.B. (2003) Hyperbaric oxygen and chemical 

oxidants stimulate CO2/H
+-sensitive neurons in rat brain stem slices, Journal of Applied Physiology, 95 

(3): 910-921 

Dean, J.B., Mulkey, D.K., Garcia III, A.J., Putnam, R.W., and Henderson III, R.A. (2003) Neuronal 

sensitivity to hyperoxia, hypercapnia, and inert gases at hyperbaric pressures, Journal of Applied 

Physiology 95(3): 883-909 

Dean, J.B., Mulkey, D.K., Henderson III, R.A., Potter, S.J., and Putnam, R.W. (2004) Hyperoxia, Reactive 

O2 Species, and Hyperventilation: O2-Sensitivity of Brain Stem Neurons, Journal of Applied Physiology, 

96: 784-791. 

Mulkey, D.K., Henderson III, R.A., Putnam, R.W., and Dean, J.B. (2004) Oxidative stress decreases 

intracellular pH, Na+/H+ exchange and increases excitability of solitary complex neurons from rat brain 

slices, American Journal of Physiology, Cell Physiology, 286: C940-C951. 

Mulkey, D.K., Henderson III, R.A., Ritucci, N.A., Putnam, R.W., and Dean, J.B. (2004) Chemical oxidants 

acidify solitary complex (SC) neurons in rat. In: Undersea and Hyperbaric Medicine, 31(1): 107-111 

Ritucci, N.A., Dean, J.B., and Putnam, R.W. (2005) Somatic versus dendritic responses to hypercapnia in 

chemosensitive locus coeruleus neurons from neonatal rats. Am. J. Physiol. Cell Physiol., 289: C1094-

C1104 

Dean, J.B. and Mulkey, D.K. (2000) Continuous intracellular recording from mammalian neurons exposed 

to hyperbaric helium, oxygen or air, Journal of Applied Physiology 89:807-822. 

Mulkey, D.K., Henderson III, R.A., Olson, J.E., Putnam, R.W., and Dean, J.B. (2001) Oxygen 

measurements in brainstem slices exposed to normobaric and hyperbaric oxygen, Journal of Applied 
Physiology, 90: 1887-1899 

 

D. Research Support 

Ongoing Research Support 

ONR N00014-16-1-2537      Dean (PI)   6/1/2016 – 5/31/2019 

                (no cost extension to be requested: -8/31/2019) 

Office of Naval Research, Undersea Medicine Program 

Cellular mechanisms of CNS oxygen toxicity during CO2 retention and ketone metabolic therapy 

The goal of this research project is to further understand how conditions that accelerate and delay onset of 

CNS oxygen toxicity (CNS-OT) seizures (Sz) affect each of the following phenomena that are 

implicated in CNS-OT in rodents: i) increased production of reactive O2 and N2 species \ in the brain 

stem; ii) electrical signaling by medullary neurons; and iii) respiration during the period preceding Sz; 

i.e., hyperoxic hyperventilation. iv) An additional goal is to determine the effects of chronic CO2 

retention on cardiorespiratory and gastric physiology. 

 

          

 

 

 

  

 

(b) (6), (b) (4)
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POSITION TITLE 

Laboratory Manager/ Senior Biological Scientist 

eRA COMMONS USER NAME 

N/A 

EDUCATION/TRAINING (Begin with baccalaureate or other initial professional education, such as nursing, and 
   

INSTITUTION AND LOCATION 
DEGREE 

(if applicable) 
YEAR(s) FIELD OF STUDY 
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Direct Labor: 

Budget Justification.   

1) Personnel salaries, wages and fringe benefits (% effort).  

Please see the attached computer-generated budget pages at the end of this section.  A 
breakdown of the salaries per investigator per year is also provided. 

Budget justification:  

Key personnel—($11,273/yr 1) Jay B. Dean (PhD; 2% effort) is a Co-I on Dr. Chon’s project and the lead 

investigator of the subcontract at USF Tampa for Aim 1 (animal experiments).  Dr. Dean is director of the 

USF Hyperbaric Biomedical Research Laboratory and an expert in hyperbaric physiology and 

neurophysiology. Dr. Dean will take responsibility for all the proposed animal experiments in Aim 1, which 

measures EDA before and during onset of CNS-OT seizures in rats.  (BS; 9% effort) is the 

lab manager for the USF Hyperbaric Biomedical Research Laboratory  is involved in all animal 

experiments including surgery to implant the radio telemetry module and in assisting the Co-I in conducting 

and analyzing the experiments. 

Materials and supplies—($820/yr 1) Funds are requested to purchase surgical supplies, anesthetics and 

analgesics, and gases that are used for implanting radio-telemetry modules and EDA leads under sterile 

conditions. Gases are also used for administering HBO to induce CNS-OT. 

Other: telemetry ($2,444/yr 1), animal costs ($1,000/yr 1), and GSR Amp for ADInstruments data 

acquisition system ($1,170/yr 1)—Funds are requested to have Data Sciences International (DSI) refurbish 

four F-40 radio-telemetry modules that we currently have in the lab. Funds are also requested for 12 

animals, which includes purchase price plus shipping and per diem costs. Finally, a GSR amplifier that 

interfaces with a preexisting ADInstruments data acquisition system is requested to measure EDA in rats. 

5) Indirect Costs 

University of South Florida has a modified indirect rate of ( %  total direct costs). Please see 
attached budget page.  

6)  Total cost 

$24,977 

 
  

(b) (4)

(b) (6)
(b) (6)
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Chapter One 

 

[1] UHMS, Indications for Hyperbaric Oxygen Therapy, in: L.K. Weaver (Ed.) Undersea and Hyperbaric 

Medical Society Hyperbaric Oxygen Therapy Indications, Undersea and Hyperbaric Medical Society, 

Durham, North Carolina, 2018. 

[2] J.E. Bozanic, Physiology,  Mastering Rebreathers, Best Publishing Company, Flagstaff, Arizona, 2002, 

pp. 81-114. 

[3] K. Donald, Oxygen and the Diver, The SPA Ltd, Great Britain, 1992a. 

[4] M. Gennser, S.L. Blogg, Oxygen or carbogen breathing before simulated submarine escape, Journal of 

Applied Physiology, 104 (2008) 50-56. 
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106 (2009) 1459-1463. 
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performance under water, Ergonomics, 11 (1968) 157-164. 
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883-909. 
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Government Printing Office, Washington, D.C., 2016, pp. 991. 

[10] O.D. Yarbrough, W. Welham, E.S. Brinton, A.R. Behnke, Symptoms of Oxygen Poisoning and Limits 

of Tolerance at Rest and at Work Naval Experimental Diving Unit (NEDU)-47-01. United States Navy 

Experimental Diving Unit Technical Report, Washington, D.C., 1947, pp. 1-12. 

[11] G.E. Ciarlone, C.M. Hinojo, N.M. Stavitzski, J.B. Dean, CNS function and dysfunction during 

exposure to hyperbaric oxygen in operational and clinical settings, Redox Biology, in review (2019). 

[12] NAVSEA, U.S. Navy Diving Manual, Revision 7, DOI (2016). 

[13] C.M. Hinojo, N.M. Stavitzski, C.S. Landon, J.B. Dean, Reevaluation of CNS oxygen toxicity seizures 

in male Sprague-Dawley Rats, FASEB Journal, 31 Supplement (2017) 711.716. 

[14] J.B. Dean, D.K. Mulkey, R.A. Henderson III, S.J. Potter, R.W. Putnam, Hyperoxia, reactive O2 species, 

and hyperventilation:  O2-sensitivity of brain stem neurons, Journal of Applied Physiology, 96 (2004) 784-

791. 

[15] R. Pilla, C.S. Landon, J.B. Dean, A potential early physiological marker for CNS oxygen toxicity: 

hyperoxic hyperpnea precedes seizure in unanesthetized rats breathing hyperbaric oxygen, Journal of 

applied physiology (Bethesda, Md. : 1985), 114 (2013) 1009-1020. 

[16] D.H. Kerem, A.B. Geva, Forecasting epilepsy from the heart rate signal, Medical and Biological 

Engineering and Computing, 43 (2005) 230-239. 
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Florian, B. Shykoff, M. Qin, K.H. Chon, Novel electrodes for underwater ECG monitoring, IEEE 
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[18] L.H. Fenton, G. Beck, S. Djali, M.B. Robinson, Hypothermia induced by hyperbaric oxygen is not 

blocked by serotonin antagonists, Pharmacology Biochemistry and Behavior, 44 (1993) 357-364. 

[19] C.D. Puglia, E.M. Glauser, S.C. Glauser, Core temperature response of rats during exposure to oxygen 

at high pressure, Journal of Applied Physiology, 36 (1974) 149-153. 

[20] J. Shmalberg, W. Davies, S. Lopez, D. Shmalberg, J. Zilberschtein, Rectal temperature changes and 

oxygen toxicity in dogs treated in a monoplace chamber, Undersea & Hyperbaric Medicine, 42 (2015) 95-
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[21] N. Bitterman, CNS oxygen toxicity, Undersea & Hyperbaic Medicine, 31 (2004) 63-72. 
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monitoring of electrodermal activity during epileptic seizures using a wearable sensor,  32nd Annual 

International Conference of the IEEE EMBS, Buenos Aires, Argentina, 2010, pp. 4415-4418. 
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Physiological Reports, DOI 10.14814/phy2.13961(2019). 
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J.B. Dean, Therapeutic ketosis with ketone ester delays central nervous system oxygen toxicity seizures in 
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nervous system oxygen toxicity than male rats, Physiological reports, 2 (2014) e00282. 
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onset of CNS oxygen toxicity seizures in unanesthetized rats, Neuroscience, 246 (2013) 391-396. 
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Adrenoceptor blockade modifies regional cerebral blood flow responses to hyperbaric hyperoxia: 
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to oxygen, Circulation research, 91 (2002) 1031-1037. 
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***NOTE:  BUMED will ONLY review protocols that have been approved by your IACUC.***
**Animal work MAY NOT be initiated until the awardee receives BUMED approval.**
*Animal work initiated without BUMED approval is noncompliant and may not be funded.*

Institutions using DoD funds to support the use of animals in research, product development, testing 
and education projects must provide electronic copies of the following documents to the Department of 
the Navy (DON) Bureau of Medicine and Surgery (BUMED) Veterinary Affairs Office for review and 
approval prior to initiation:

a. A copy of their IACUC-approved institutional protocol(s) (BUMED will ONLY review 
approved protocols) and documentation of IACUC approval

b. A copy of all existing IACUC-approved protocol amendments or modifications and 
documentation of IACUC approval (future modifications or amendments must be reviewed 
and approved by BUMED PRIOR to implementation)

c. A completed Appendix for each IACUC-approved protocol.

This requirement also applies to all subcontractors using animals in support of DoD-funded projects or 
programs.  

Specific information requested in the following animal use Appendix is derived from requirements in the 
Animal Welfare Regulations (AWRs), the Guide for the Care and Use of Laboratory Animals, and other 
applicable Federal and DoD regulations.  The DoD policies and requirements for the use of animals in 
DoD-supported research, development, testing and evaluation are described in DoD Instruction
3216.01, dated September 13, 2010 and SECNAVINST 3900.38C, The Care and Use of Laboratory 
Animals in DOD Programs, dated February 16, 2005.  These requirements differ from those of other 
funding agencies.  Use of the Appendix is intended to meet the requirements of these documents.

Questions concerning animal use and review should be directed to BUMED Veterinary Affairs:

Phone:
Email: DON – VRPP, 
Mail: Department of the Navy Bureau of Medicine and Surgery

ATTN:  Director for Veterinary Affairs
Bldg 1564 Room 122
1564 Freedman Drive
Fort Detrick, MD 21702

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Each section of this Appendix must be completed.  To assist you in completing this appendix, instructions and 
explanations are provided as hidden, red and italicized text. To view the instructions and/or examples for each 
section, select the “Show/Hide ¶” button on your tool bar (the button itself appears as the ¶ symbol).  To print the 
hidden text, select “Print Hidden Text” in the print options section.  It is important that you carefully read the 
instructions for each paragraph to ensure you provide a comprehensive response.  Begin typing responses after 
the colon (“:”) for each section to ensure your typing is not within the hidden text. Submit electronic copies of the 
appendix only; please do not submit printed copies to BUMED. Any section of the Appendix that is not applicable 
to your proposal, e.g., no surgery or no prolonged restraint, should be marked “No” or “N/A”.  There are no space 
limitations for the responses. 

It is essential that only animal studies or procedures documented in an IACUC–approved protocol or amendment 
be performed at your facility.  BUMED will collect animal usage information for end-of-year DoD animal use 
reports separate from the grant annual progress reporting requirement throughout the life of your award.  For this 
reason, Principal Investigators or other delegated research personnel should keep accurate records and be able 
to provide an audit trail of all animal use that correlates to their approved protocol.  

(b) (6)(b) (6)(b) (6)(b) (6)
(b) (6)
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Column D: List the number of animals that will potentially experience more than momentary or slight pain 
or distress that WILL be alleviated through the use of anesthetics and/or analgesics.  

Column E: List the number of animals that will experience more than momentary or slight pain or distress 
that WILL NOT be alleviated or relieved with anesthetics or analgesics. If any animals are listed in 
USDA Column E (Unalleviated Pain or Distress), the PI must provide a scientifically valid 
justification for withholding pain relieving medication:. .

o USDA Pain Category E (= pain category C in USF IACUC animal use protocol):  
Animals listed in USDA Pain Category E will be exposed to hyperbaric oxygen until 
onset of two bouts of seizures, which may cause discomfort. The potential for 
discomfort is why these animals are placed in USDA pain category E. The animals 
are unanesthetized in these experiments so that their visible behaviors can be used 
as one of the criteria to score onset of a seizure; we use a six-point scale of behavior 
to evaluate the type of seizures. Sensitivity to hyperbaric oxygen is blunted in an 
anesthetized animal and thus the latency time to seizures is severely lengthened 
plus a higher oxygen pressure is required. After the second bout of seizures occurs 
the breathing atmosphere is changed from 100% O2 to air and the animal chamber 
is decompressed at a rate of ~1 atmosphere/minute. The 1st bout of seizures is short 
lasting (seconds) and during the interictal period before the 2nd bout of seizures the 
animal, remarkably, appears fine for all intents and purposes based on its behavior.
After recovery at room pressure, the animal appears normal based on its behavior.

3.  Literature Search for Unnecessary Duplication: This search is required for all animal use 
proposals.  Note the DoD-specific database requirements in subparagraph a.

a. Literature Source(s) Searched:
http://www.ntis.gov/products/fedrip.aspxhttp://projectreporter.nih.gov/reporter.cfm
Federal Research in Progress (FEDRIP) http://www.ntis.gov/products/fedrip.aspx

or

Research Portfolio Online Reporting Tool Expenditures and Results (RePORTER) 
http://projectreporter.nih.gov/reporter.cfm

b. Date of Search: 16-17 December 2019

c. Years Covered By Search: 1994-2019

d. Key Words and/or Search Strategy:
Search 1: ((mitochondria targeted antioxidant therapy) or MitoQ or Mitoquinone), hyperbaric oxygen, 
oxygen toxicity, rat, ((brain slice) or (radio telemetry))

Search 2: hyperbaric oxygen, oxygen toxicity, seizure, aquaporin, gas channel, mouse

e. Results of Search:
Search 1:  Searched in Projects,Publications and publication year limited between 1994 and 2019, Limit 
to:Project Abstracts, Admin IC: All, Fiscal Year: All Fiscal Years. Your search resulted in 0 projects.
There were no relevant projects and publications found, even with altering the combination of words 
used in a search.

X
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Search 2: Text Search: Search in Projects, Publications and publication year limited between 1994 and 
2019, Limit to: Project Abstracts, Admin IC: All, Fiscal Year: Active Projects. Your search resulted in 0 
projects. There were no relevant projects and publications found, even with altering the combination of 
words used in a search.

****Questions 4-10 refer to the Research Site and Protocol Principal Investigator.****
Information and/or documents required in questions 4-8 should be obtained from the research site’s 
IACUC or veterinary staff.  Documents may be provided directly to BUMED by the Protocol Principal 
Investigator (PI) or institution staffs.  If the Protocol PI prefers that BUMED staff contact the institution to 
obtain this information and/or documents, the PI must specifically request this action in writing.  The 
Protocol PI should contact BUMED (see contact information on cover page) to arrange for submission 
of this written request.

4. Institutional Animal Care and Use Committee(s) (IACUC) Approval(s):

Institutional Animal Use Protocol Number: IS00007438

IACUC (initial) approval 
date:

December 13, 2019 Protocol expiration 
(rewrite) date:

December 10, 2022

5. Veterinary Care:  Provide a brief description of the veterinary care plan at the research site.  
Describe routine care; weekend, holiday, and emergency care; and identify whether the attending 
veterinarian is on staff full-time or by contract.

USF MCOM Comparative Medicine is fully accredited by AAALAC International as program 
#000434, is managed in accordance with the Guide for the Care and Use of Laboratory 
Animals, the Animal Welfare Regulations, the PHS Policy, the FDA Good Laboratory 
Practices, and the IACUC Principles and Procedures of Animal Care and Use, has an 
assurance #D-16-00589 (A4100-01) on file with OLAW/PHS and maintains registration #58-R-
0015 with USDA/APHIS/AC. 

Comparative Medicine veterinarians are full-time staff, Florida-licensed, members of the 
AVMA, and are specialty board certified by ACLAM, and/or have research doctorates. 
Comparative Medicine maintains institutional membership with AALAS. All program staff are 
AALAS-certified, and many are either registered with the Society of Quality Assurance, and/or 
certified by the Academy of Surgical Research or are State of Florida-certified veterinary 
technicians. 

Daily routine, weekend, holiday, and emergency animal care is provided by animal care 
program staff, all of whom are certified by the American Association for Laboratory Animal 
Science (AALAS), and more staff are certified at the highest, technologist level {LATG) than 
any other level. Cage changes occur twice weekly. Health surveillance occurs twice daily and 
assesses: food and water intake, fecal output, assurance of water supply and patency, and 
general appearance of animals (e.g. presence of lesions/injuries, coat condition, disposition). If 
at any time there is a medical emergency, the clinical veterinarian is notified immediately.

6. Institutional Accreditation / Assurances:

a. Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC) 
Accreditation (do NOT provide AAALAC correspondence):
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X Yes No Animal work is being performed at an AAALAC International-accredited facility.

b. Public Health Service Animal Welfare Assurance Statement:

X Yes No Animal work is being performed at a PHS-assured facility.

c. Non-accredited, Unassured Facilities:  If neither 6.a. nor 6.b. above apply to the facility where 
animal work is being performed, submit a statement signed by the Institutional Official that states the 
care and use of animals will be conducted in accordance with the National Research Council’s Guide 
for the Care and Use of Laboratory Animals and applicable Federal and DoD regulations.

7. Animal Procurement:

Yes No
If the protocol involves Animal Welfare Act-regulated species, are the animals 
obtained legally from suppliers licensed by the USDA?  If the supplier claims 
exemption from USDA licensing, provide confirmation from the research site’s 
IACUC that the exemption criteria have been met.  If work is conducted outside the 
US, have animals been obtained legally in accordance with national policy? If 
wildlife are used, provide IACUC assurance that animals have been obtained 
legally and provide copies of applicable state, federal and/or international capture 
and use permits.

8.  Overseas / Foreign Country Animal Work:

Yes X No Animal work will be performed outside the United States.

If “Yes,” answer the following questions. 

a. What is the law or regulation governing the use of animals in research in the research site’s 
host country?  Please provide a copy or link to this law or regulation in English.

b. Does the research site’s host country adhere to European Union (EU) Directive 86/609 or 
EU Directive 2010/63 standards of animal housing and care?

c. If the research site is in Canada, does the institution hold a Canadian Council on Animal 
Care (CCAC) certificate?

d. Does the research site adhere to any national or international standards of animal housing 
and care that are more stringent than the host country’s laws or regulations (such as 
AAALAC or CCAC)?  If so, please describe below or provide a document, in English, that 
describes these standards.

e. Does the research site’s host country or local institute require a local ethical committee 
review or Animal Care and Use Committee review?  If so, please describe below or provide 
a document, in English, describing the committee’s membership, purpose, authority and 
function.

9.  Site Visits
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Yes X No Does animal work involve at least one of the following species:  dogs, cats, 
nonhuman primates, marine mammals?  If yes, provide a planned start date 
for work in these species and point of contact for site visit coordination.  
Based on accreditation status, species used, and type of research 
conducted, a site visit to the performance site may be required.
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10. Protocol Principal Investigator Assurances:

The law specifically requires several written assurances from the P.I.  Please read and sign the 
assurances as indicated (this page may be photocopied and signed).

As the Principal Investigator on this protocol, I acknowledge my responsibilities and provide 
assurances for the following:

A.  Painful Procedures:  I assure that discomfort and injury to animals will be limited to that which is 
unavoidable in the conduct of scientifically valuable research and that analgesic, anesthetic, and/or 
tranquilizing drugs will be used where indicated and appropriate to minimize pain and/or distress to 
animals.

B.  Animal Use:  The animals authorized for use in this protocol will be used only in the activities 
and in the manner described herein, unless a modification is specifically approved by the IACUC and 
the DoD Department of the Navy Bureau of Medicine and Surgery (BUMED) Veterinary Affairs Office
prior to its implementation.

C.  Duplication of Effort:  I have made a reasonable, good faith effort to ensure that this protocol is 
not an unnecessary duplication of previous experiments.

D.  Statistical Assurance:  I assure that I have consulted with a qualified individual who evaluated 
the experimental design with respect to the statistical analysis, and that the minimum number of 
animals needed for scientific validity will be used.

E.  Training:  I verify that the personnel performing the animal procedures/manipulations/
observations described in this protocol are technically competent and have been properly trained to 
ensure that no unnecessary pain or distress will be caused to the animals as a result of the 
procedures/manipulations.

F.  Responsibility:  I acknowledge the inherent moral, ethical and administrative obligations 
associated with the performance of this animal use protocol, and I assure that all individuals associated 
with this project will demonstrate a concern for the health, comfort, welfare, and well-being of the 
research animals.  Additionally, I pledge to implement animal use alternatives where feasible, and 
conduct humane and lawful research.

G.  Scientific Review:  This proposed animal use protocol has received appropriate peer scientific 
review, and is consistent with good scientific research practice.

Jay B. Dean
(Protocol Principal Investigator Printed Name) (Protocol Principal Investigator Signature and Date)

NOTE: In accordance with SECNAVINST 3900.38C, the DON BUMED Veterinary Affairs Officer (or 
designee thereof) will conduct a site visit to all sites using nonhuman primates, dogs, cats or marine 
mammals in the proposal, or where a site visit is deemed warranted.

(b) (6)
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***NOTE:  BUMED will ONLY review protocols that have been approved by your IACUC.***
**Animal work MAY NOT be initiated until the awardee receives BUMED approval.**
*Animal work initiated without BUMED approval is noncompliant and may not be funded.*

Institutions using DoD funds to support the use of animals in research, product development, testing 
and education projects must provide electronic copies of the following documents to the Department of 
the Navy (DON) Bureau of Medicine and Surgery (BUMED) Veterinary Affairs Office for review and 
approval prior to initiation:

a. A copy of their IACUC-approved institutional protocol(s) (BUMED will ONLY review 
approved protocols) and documentation of IACUC approval

b. A copy of all existing IACUC-approved protocol amendments or modifications and 
documentation of IACUC approval (future modifications or amendments must be reviewed 
and approved by BUMED PRIOR to implementation)

c. A completed Appendix for each IACUC-approved protocol.

This requirement also applies to all subcontractors using animals in support of DoD-funded projects or 
programs.  

Specific information requested in the following animal use Appendix is derived from requirements in the 
Animal Welfare Regulations (AWRs), the Guide for the Care and Use of Laboratory Animals, and other 
applicable Federal and DoD regulations.  The DoD policies and requirements for the use of animals in 
DoD-supported research, development, testing and evaluation are described in DoD Instruction
3216.01, dated September 13, 2010 and SECNAVINST 3900.38C, The Care and Use of Laboratory 
Animals in DOD Programs, dated February 16, 2005.  These requirements differ from those of other 
funding agencies.  Use of the Appendix is intended to meet the requirements of these documents.

Questions concerning animal use and review should be directed to BUMED Veterinary Affairs:

Phone:
Email: DON – VRPP, 
Mail: Department of the Navy Bureau of Medicine and Surgery

ATTN:  Director for Veterinary Affairs
Bldg 1564 Room 122
1564 Freedman Drive
Fort Detrick, MD 21702

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Each section of this Appendix must be completed.  To assist you in completing this appendix, instructions and 
explanations are provided as hidden, red and italicized text. To view the instructions and/or examples for each 
section, select the “Show/Hide ¶” button on your tool bar (the button itself appears as the ¶ symbol).  To print the 
hidden text, select “Print Hidden Text” in the print options section.  It is important that you carefully read the 
instructions for each paragraph to ensure you provide a comprehensive response.  Begin typing responses after 
the colon (“:”) for each section to ensure your typing is not within the hidden text. Submit electronic copies of the 
appendix only; please do not submit printed copies to BUMED. Any section of the Appendix that is not applicable 
to your proposal, e.g., no surgery or no prolonged restraint, should be marked “No” or “N/A”.  There are no space 
limitations for the responses. 

It is essential that only animal studies or procedures documented in an IACUC–approved protocol or amendment 
be performed at your facility.  BUMED will collect animal usage information for end-of-year DoD animal use 
reports separate from the grant annual progress reporting requirement throughout the life of your award.  For this 
reason, Principal Investigators or other delegated research personnel should keep accurate records and be able 
to provide an audit trail of all animal use that correlates to their approved protocol.  

(b) (6)(b) (6)(b) (6)(b) (6)
(b) (6)
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Column D: List the number of animals that will potentially experience more than momentary or slight pain 
or distress that WILL be alleviated through the use of anesthetics and/or analgesics.  

Column E: List the number of animals that will experience more than momentary or slight pain or distress 
that WILL NOT be alleviated or relieved with anesthetics or analgesics. If any animals are listed in 
USDA Column E (Unalleviated Pain or Distress), the PI must provide a scientifically valid 
justification for withholding pain relieving medication:. .

o USDA Pain Category E (= pain category C in USF IACUC animal use protocol):  
Animals listed in USDA Pain Category E will be exposed to hyperbaric oxygen until 
onset of two bouts of seizures, which may cause discomfort. The potential for 
discomfort is why these animals are placed in USDA pain category E. The animals 
are unanesthetized in these experiments so that their visible behaviors can be used 
as one of the criteria to score onset of a seizure; we use a six-point scale of behavior 
to evaluate the type of seizures. Sensitivity to hyperbaric oxygen is blunted in an 
anesthetized animal and thus the latency time to seizures is severely lengthened 
plus a higher oxygen pressure is required. After the second bout of seizures occurs 
the breathing atmosphere is changed from 100% O2 to air and the animal chamber 
is decompressed at a rate of ~1 atmosphere/minute. The 1st bout of seizures is short 
lasting (seconds) and during the interictal period before the 2nd bout of seizures the 
animal, remarkably, appears fine for all intents and purposes based on its behavior.
After recovery at room pressure, the animal appears normal based on its behavior.

3.  Literature Search for Unnecessary Duplication: This search is required for all animal use 
proposals.  Note the DoD-specific database requirements in subparagraph a.

a. Literature Source(s) Searched:
http://www.ntis.gov/products/fedrip.aspxhttp://projectreporter.nih.gov/reporter.cfm
Federal Research in Progress (FEDRIP) http://www.ntis.gov/products/fedrip.aspx

or

Research Portfolio Online Reporting Tool Expenditures and Results (RePORTER) 
http://projectreporter.nih.gov/reporter.cfm

b. Date of Search: 16-17 December 2019

c. Years Covered By Search: 1994-2019

d. Key Words and/or Search Strategy:
Search 1: ((mitochondria targeted antioxidant therapy) or MitoQ or Mitoquinone), hyperbaric oxygen, 
oxygen toxicity, rat, ((brain slice) or (radio telemetry))

Search 2: hyperbaric oxygen, oxygen toxicity, seizure, aquaporin, gas channel, mouse

e. Results of Search:
Search 1:  Searched in Projects,Publications and publication year limited between 1994 and 2019, Limit 
to:Project Abstracts, Admin IC: All, Fiscal Year: All Fiscal Years. Your search resulted in 0 projects.
There were no relevant projects and publications found, even with altering the combination of words 
used in a search.

X
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Search 2: Text Search: Search in Projects, Publications and publication year limited between 1994 and 
2019, Limit to: Project Abstracts, Admin IC: All, Fiscal Year: Active Projects. Your search resulted in 0 
projects. There were no relevant projects and publications found, even with altering the combination of 
words used in a search.

****Questions 4-10 refer to the Research Site and Protocol Principal Investigator.****
Information and/or documents required in questions 4-8 should be obtained from the research site’s 
IACUC or veterinary staff.  Documents may be provided directly to BUMED by the Protocol Principal 
Investigator (PI) or institution staffs.  If the Protocol PI prefers that BUMED staff contact the institution to 
obtain this information and/or documents, the PI must specifically request this action in writing.  The 
Protocol PI should contact BUMED (see contact information on cover page) to arrange for submission 
of this written request.

4. Institutional Animal Care and Use Committee(s) (IACUC) Approval(s):

Institutional Animal Use Protocol Number: IS00007438

IACUC (initial) approval 
date:

December 13, 2019 Protocol expiration 
(rewrite) date:

December 10, 2022

5. Veterinary Care:  Provide a brief description of the veterinary care plan at the research site.  
Describe routine care; weekend, holiday, and emergency care; and identify whether the attending 
veterinarian is on staff full-time or by contract.

USF MCOM Comparative Medicine is fully accredited by AAALAC International as program 
#000434, is managed in accordance with the Guide for the Care and Use of Laboratory 
Animals, the Animal Welfare Regulations, the PHS Policy, the FDA Good Laboratory 
Practices, and the IACUC Principles and Procedures of Animal Care and Use, has an 
assurance #D-16-00589 (A4100-01) on file with OLAW/PHS and maintains registration #58-R-
0015 with USDA/APHIS/AC. 

Comparative Medicine veterinarians are full-time staff, Florida-licensed, members of the 
AVMA, and are specialty board certified by ACLAM, and/or have research doctorates. 
Comparative Medicine maintains institutional membership with AALAS. All program staff are 
AALAS-certified, and many are either registered with the Society of Quality Assurance, and/or 
certified by the Academy of Surgical Research or are State of Florida-certified veterinary 
technicians. 

Daily routine, weekend, holiday, and emergency animal care is provided by animal care 
program staff, all of whom are certified by the American Association for Laboratory Animal 
Science (AALAS), and more staff are certified at the highest, technologist level {LATG) than 
any other level. Cage changes occur twice weekly. Health surveillance occurs twice daily and 
assesses: food and water intake, fecal output, assurance of water supply and patency, and 
general appearance of animals (e.g. presence of lesions/injuries, coat condition, disposition). If 
at any time there is a medical emergency, the clinical veterinarian is notified immediately.

6. Institutional Accreditation / Assurances:

a. Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC) 
Accreditation (do NOT provide AAALAC correspondence):
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X Yes No Animal work is being performed at an AAALAC International-accredited facility.

b. Public Health Service Animal Welfare Assurance Statement:

X Yes No Animal work is being performed at a PHS-assured facility.

c. Non-accredited, Unassured Facilities:  If neither 6.a. nor 6.b. above apply to the facility where 
animal work is being performed, submit a statement signed by the Institutional Official that states the 
care and use of animals will be conducted in accordance with the National Research Council’s Guide 
for the Care and Use of Laboratory Animals and applicable Federal and DoD regulations.

7. Animal Procurement:

Yes No
If the protocol involves Animal Welfare Act-regulated species, are the animals 
obtained legally from suppliers licensed by the USDA?  If the supplier claims 
exemption from USDA licensing, provide confirmation from the research site’s 
IACUC that the exemption criteria have been met.  If work is conducted outside the 
US, have animals been obtained legally in accordance with national policy? If 
wildlife are used, provide IACUC assurance that animals have been obtained 
legally and provide copies of applicable state, federal and/or international capture 
and use permits.

8.  Overseas / Foreign Country Animal Work:

Yes X No Animal work will be performed outside the United States.

If “Yes,” answer the following questions. 

a. What is the law or regulation governing the use of animals in research in the research site’s 
host country?  Please provide a copy or link to this law or regulation in English.

b. Does the research site’s host country adhere to European Union (EU) Directive 86/609 or 
EU Directive 2010/63 standards of animal housing and care?

c. If the research site is in Canada, does the institution hold a Canadian Council on Animal 
Care (CCAC) certificate?

d. Does the research site adhere to any national or international standards of animal housing 
and care that are more stringent than the host country’s laws or regulations (such as 
AAALAC or CCAC)?  If so, please describe below or provide a document, in English, that 
describes these standards.

e. Does the research site’s host country or local institute require a local ethical committee 
review or Animal Care and Use Committee review?  If so, please describe below or provide 
a document, in English, describing the committee’s membership, purpose, authority and 
function.

9.  Site Visits
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Yes X No Does animal work involve at least one of the following species:  dogs, cats, 
nonhuman primates, marine mammals?  If yes, provide a planned start date 
for work in these species and point of contact for site visit coordination.  
Based on accreditation status, species used, and type of research 
conducted, a site visit to the performance site may be required.



BUMED Animal Use Appendix for Research Involving Animals Abbreviated (ver. March 2016)

6

10. Protocol Principal Investigator Assurances:

The law specifically requires several written assurances from the P.I.  Please read and sign the 
assurances as indicated (this page may be photocopied and signed).

As the Principal Investigator on this protocol, I acknowledge my responsibilities and provide 
assurances for the following:

A. Painful Procedures:  I assure that discomfort and injury to animals will be limited to that which is 
unavoidable in the conduct of scientifically valuable research and that analgesic, anesthetic, and/or 
tranquilizing drugs will be used where indicated and appropriate to minimize pain and/or distress to 
animals.

B.  Animal Use:  The animals authorized for use in this protocol will be used only in the activities 
and in the manner described herein, unless a modification is specifically approved by the IACUC and 
the DoD Department of the Navy Bureau of Medicine and Surgery (BUMED) Veterinary Affairs Office
prior to its implementation.

C.  Duplication of Effort:  I have made a reasonable, good faith effort to ensure that this protocol is 
not an unnecessary duplication of previous experiments.

D.  Statistical Assurance:  I assure that I have consulted with a qualified individual who evaluated 
the experimental design with respect to the statistical analysis, and that the minimum number of 
animals needed for scientific validity will be used.

E.  Training:  I verify that the personnel performing the animal procedures/manipulations/
observations described in this protocol are technically competent and have been properly trained to 
ensure that no unnecessary pain or distress will be caused to the animals as a result of the 
procedures/manipulations.

F.  Responsibility:  I acknowledge the inherent moral, ethical and administrative obligations 
associated with the performance of this animal use protocol, and I assure that all individuals associated 
with this project will demonstrate a concern for the health, comfort, welfare, and well-being of the 
research animals.  Additionally, I pledge to implement animal use alternatives where feasible, and 
conduct humane and lawful research.

G.  Scientific Review:  This proposed animal use protocol has received appropriate peer scientific 
review, and is consistent with good scientific research practice.

Jay B. Dean
(Protocol Principal Investigator Printed Name) (Protocol Principal Investigator Signature and Date)

NOTE: In accordance with SECNAVINST 3900.38C, the DON BUMED Veterinary Affairs Officer (or 
designee thereof) will conduct a site visit to all sites using nonhuman primates, dogs, cats or marine 
mammals in the proposal, or where a site visit is deemed warranted.
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TECHNICAL APPROACH AND JUSTIFICATION 

Overview of Project. The proposed 6.2 project focuses on the mitigation of central nervous 
system oxygen toxicity (CNS-OT) by targeting two, subcellular targets in the mammalian CNS 
that are thought to contribute to the pathogenesis of seizure genesis during exposure to hyperbaric 
oxygen (HBO2): 1) mitochondrial superoxide ( O2

-) generation in the brain, and 2) O2-/CO2-
permeabilities through aquaporin-4 (AQP4) at the blood-brain barrier (BBB). 

Mitochondrial O2
- is generated at Complexes I-III of the electron transport chain (ETC) 

during cellular respiration [1-4]. We plan to significantly decrease O2
- production, and thus its 

reaction products downstream, during hyperoxia by mitochondrial-targeted antioxidant therapy 
(MitoTAT) using the supplement Mitoquinone-Q (MitoQ), which is already approved for human 
consumption.  

Proposed experiments for Objectives 1-3 focus on MitoTAT and will be done in male 
Sprague-Dawley (SD) rats. Objective 4 will study AQP4, which is a gas channel that is permeable 
to CO2 and presumably O2, and thus postulated to function in CO2 uptake during respiratory 
acidosis, metabolic CO2 removal, and O2 uptake at the BBB during exposure to HBO2 [5, 6]. 
Objective 4 will be done in collaboration with  at Case Western Reserve 
University (CWRU), Cleveland, Ohio. We plan to use AQP4-knockout (AQP4-KO) and wild-type 
(WT) mice, which are supplied by CWRU, to test the importance of AQP4 in O2 & CO2 uptake 
across the BBB during exposure to normocapnic & hypercapnic HBO2 (i.e., HBO2 CO2). The 
four research objectives are as follows:   

Objective 1. Determine effects of HBO2 MitoQ on the latency time to seizure (LSz) and the 
temporal pattern of neural activation across the brain stem, subcortical nuclei, hippocampus and 
motor cortices during the latent period that precedes initiation of visible motor/behavioral seizures.  

Objective 2. Determine the effects of MitoQ during exposure to HBO2 on the rate of production 
of reactive oxygen and nitrogen species (RONS) and mitochondrial membrane potential ( m) in 
the caudal Solitary Complex (cSC) of the medulla oblongata in rat brain tissue slices.  

Objective 3. Determine the effects of MitoQ on neuronal electrophysiology during exposure to 
hyperoxia in cSC neurons in rat brain tissue slices.  

Objective 4. Determine the role of AQP4 in the pathogenesis of CNS-OT by testing the effects 
of HBO2 CO2 on the LSz in mice with decreased AQP4 expression (AQP4-KO mice [5, 6]) and 
increased AQP4 expression (WT mice in which AQP4 is upregulated by oxidative preconditioning 
(OxPC) [7]).  

 
Chapter One 
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